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ABSTRACT
Comparison of Heart Rates Between Deep Water Running, 
Treadmill Running, and Cycling
By
Jennifer Nicole Padilla
Dr. Lawrence Golding, Examination Committee Chair 
Professor of Kinesiology 
University of Nevada, Las Vegas
Deep water running (DWR) has become an alternate training technique among 
injured runners. DWR uses similar movements as running and can be a training modality 
for injured runners. It has not been well established whether the heart rate (HR) in water 
exercise and land exercise is the same when the workloads in the water and on land are 
identical. Using runners and swimmers, this study determined if  the HR during treadmill 
running (TR), cycling, and DWR at 60% and 75% of MaxV02 were different. Ratings of 
perceived exertion (RPE) between runners and swimmers during TR and DWR were also 
compared. Analysis of the data showed that runners, at both intensities, had no difference 
in HR between TR, DWR, and cycling. At 75% of MaxV02, swimmers had lower HR’s 
during DWR than TR and cycling. There was a difference in RPE between runners and 
swimmers during TR and DWR.
in
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CHAPTER 1 
INTRODUCTION
Running is a widely used aerobic exercise for many fitness enthusiasts and is also 
a common competitive event. In addition to university track meets, there arc hundreds of 
marathons, 5 and I OK runs providing competition for thousands of athletes. The cardio­
respiratory benefits o f running are well documented (Howley et al. 1997).
However, since running is weight-bearing and is often done on hard surfaces, 
which tends to make running orthopedically stressful. It has been reported that impact of 
the foot on the ground creates a force equal to 2 to 3 times greater than the runners’ 
weight (Bates et al., 1978). For these reasons, musculoskeletal injuries, particularly of 
the lower extremities, are very common (Brody, 1987).
Most of the lower extremity injuries sustained by a runner require rest and 
cessation of running for several weeks (Brody, 1987). The runner often has a conflict as 
to what he/she should do. Rest and cessation of running usually result in a loss of cardio­
respiratory fitness (Coyle et al., 1986). Most serious runners, because of violating the 
principles of specificity, training programs tailored to specific sport skills, avoid using 
non-weight bearing activities like cycling or swimming. Many times the impatience and 
paranoia about not running cause the runners to return to running before injuries have 
completely healed. This often results in re-injury and further need of rest and cessation 
o f running.
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In recent years, running in deep water has been used as a training method for 
injured runners, and because the motion is a running motion, it is assumed that the 
principle of specificity is not compromised (Wilber et al., 1996). This method of training 
has become popular and is known as deep water running (DWR).
Many athletic facilities, including the Lied Athletic Facility at University Nevada. 
Las Vegas (UNLV), have built water tanks specifically to accommodate injured runners. 
During DWR, a flotation device is usually used to keep the individual in a vertical 
position with the head above the water (this is termed supported DWR). Since there is no 
contact with the ground, the stressful impact of running on land is eliminated. Since 
heart rate (HR) is usually used to determine exercise intensity, increasing the speed of the 
pumping action of the legs and arms increases the heart rate, and hence increases 
intensity of DWR (Brennen, 1996).
During DWR the arm and leg movements are almost the same as in running 
(Brennan, 1996). Several studies reported that if  DWR is performed with adequate 
intensity cardiorespiratory fitness levels can be maintained (Eyestone et al., 1993, 
Davidson et al., 2000, Michaud et al., 1995, Wilber et al., 1996).
Eyestone et al. (1993) documented the crossover effect from DWR to land 
running. They used 32 trained, male subjects randomly divided into three groups. Each 
group trained for 6 weeks either by water running, cycling, or treadmill running.
Training effects were determined by comparing V02max and 2-mile run performance 
before and after the training period. These groups trained with similar frequency, 
duration, and intensity. Following the 6 - week training period, it was reported that all 
subjects either maintained or improved V02max, and there was no change in pre and
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post 2-mile run performance. They concluded that runners are able to maintain V02max 
and 2-mile run performance by DWR.
Several studies have reported that at maximal workloads, HR and V02 are lower 
during DWR when compared to treadmill running (TR) (Bishop et al., 1989; Butts et al. 
1991a; Svendenhag et al, 1992; Towne et al., 1991). Butts et al. (1991a) reported that the 
V02 max for DWR was 83-89% of TR values. Svendenhag and Seger ( 1992) reported 
that maximal HRs during DWR were 89-95% of maximal TR heart rates.
Based on these results, it appears that exercise training intensity (determined 
from V02 and HR) in the water might be adjusted by lowering the values obtained on the 
land. In the health and fitness industry it is commonly agreed that during exercise in the 
water, heart rates w ill be lower than those on land by about 10 beats per minute (Butts et 
al., 1991a; Butts et al., 1991b; Svendenhag et al., 1992). Quinn et al. (1994) used the 
concept that the HR was lower in the water by 10 bpm to devise a formula for HR to 
equate DWR and land exercise intensities, which was 80% of heart rate reserve minus 10 
bpm. However, the resulting HRs did not provide enough intensity to maintain V02 max 
(Quinn et al., 1994).
Although the topic of HR in the water and on land has been fairly extensively 
studied, it is still unclear whether the HR in water and on land is different when the 
workloads are identical. Conflicting results in the studies to date indicate the need for 
more research. Svendenhag et al. ( 1992) and Ritchie et ah (1991) reported that for a given 
V02, the HR was lower in DWR than during TR. In contrast, Michaud et. al. (1995b) 
and Mercer and Jensen (1998) and DeMeare et al. (2000) reported no significant 
difference in HR on land or in the water at equivalent submaximal V02.
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In addition, most o f the studies in DWR have been done on runners and not 
swimmers. There is no research comparing heart rate responses in competitive swimmers 
working on land and during DWR. Familiarity with the water could affect the rating of 
perceived exertion (RPE) while DWR.
In the present study, runners and swimmers were used. To detemiine if  they were 
similar in fitness levels and size, the following comparisons between runners and 
swimmers were made:
1. Ma.xV02: There was no significant difference in MaxV02 between 
swimmers and runners, so the assumption was that they were similar in 
physical fitness levels.
2. Anthropometrical measures of height, weight, and percent body fat:
Runners had a lower body weight compared to swimmers. However, there 
was no difference in height and percent body fat.
Since two submaximal workloads were used, 60% MaxV02 and 75% MaxV02, 
and three measurements compared: HR, V02, and RPE, there were sixteen research 
questions. The research questions were presented below.
Research Questions
1) When working at 60% MaxV02, was there a difference in V02 between 
treadmill running, deep water running, and cycling?
2) When working at 75% MaxV02, was there a difference in V02 between 
treadmill running, deep water running, and cycling?
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3) When working at 60% MaxV02. was there a difference in heart rate for 
runners between treadmill running, cycling, and DWR?
4) When working at 75% MaxV02, was there a difference in heart rate for 
runners between treadmill running, cycling, and DWR?
5) When working at 60% MaxV02, was there a difference in heart rate for 
swimmers between treadmill running, cycling, and DWR?
6) When working at 75% MaxV02, was there a difference in heart rate for 
swimmers between treadmill running, cycling, and DWR?
7) When working at 60% MaxV02, was there a difference in heart rate between 
runners and swimmers during DWR?
8) When working at 75% MaxV02, was there a difference in heart rate between 
runners and swimmers during DWR?
9) When working at 60% MaxV02, was there a difference in RPE between 
swimmers and runners during DWR?
10) When working at 75% MaxV02, was there a difference in RPE between 
swimmers and runners during DWR?
11) When working at 60% MaxV02, was there a difference in RPE between 
swimmers and runners during treadmill running?
12) When working at 75% MaxV02, was there a difference in RPE between 
swimmers and runners during treadmill running?
13) When working at 60% MaxV02, was there a difference in RPE between 
treadmill running, DWR, and cycling in runners?
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14) When working at 75% MaxV02, was there a difference in RPE between 
treadmill running, DWR, and cycling in runners?
15) When working at 60% MaxV02, was there a difference in RPE between 
treadmill running, DWR, and cycling in swimmers?
16) When working at 75% MaxV02, was there a difference in RPE between 
treadmill running, DWR, and cycling in swimmers?
Purpose of the study
Using runners and swimmers, the purpose o f this study was to compare heart rates 
during treadmill running, cycling, and deep water running at 60% and 75% of MaxV02. 
The second purpose was to compare rating of perceived exertion (RPE) between runners 
and swimmers during treadmill running and deep water running at 60% and 75% of 
MaxV02. Comparisons in heart rate and in ratings of perceived exertion were made by 
testing the following hypotheses.
Research (Null) Hypotheses
1) There was no difference in V02 between treadmill running, deep water 
running, and cycling at 60% MaxV02.
2) There was no difference in V02 between treadmill running, deep water 
running, and cycling at 75% MaxV02.
3) There was no difference in heart rates for runners during deep water running, 
treadmill running, and cycling at 60% of MaxV02.
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4) There was no difference in heart rates for runners during deep water running, 
treadmill running, and cycling at 75% of MaxV02.
5) There was no difference in heart rates for swimmers during deep water 
running, treadmill running, and cycling at 60% of MaxV02.
6) There was no difference in heart rates for swimmers during deep water 
running, treadmill running, and cycling at 75% of MaxV02.
7) There was no difference in heart rates between runners and swimmers during 
DWR at 60% MaxV02.
8) There was no difference in heart rates between runners and swimmers during 
DWR at 75% MaxV02.
9) There was no difference in RPE between runners and swimmers when at 60% 
of MaxV02 during treadmill running.
10) There was no difference in RPE between runners and swimmers when at 75% 
of MaxV02 during treadmill running.
11) There was no difference in RPE between runners and swimmers when at 60% 
of MaxV02 during deep water running.
12) There was no difference in RPE between runners and swimmers when at 75% 
of MaxV02 during deep water running.
13) There was no difference in RPE between treadmill running, DWR, and 
cycling in runners at 60% MaxV02.
14) There was no difference in RPE between treadmill running, DWR, and 
cycling in runners at 75% MaxV02.
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15) There was no difference in RPE between treadmill running. DWR, and 
cycling in swimmers at 60% MaxV02.
16) There was no difference in RPE between treadmill running. DWR. and 
cycling in swimmers at 75% MaxV02.
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CHAPTER 2
LITERATURE REVIEW
Physiological Comparisons of Treadmill Running and Cycling 
Studies have reported that maximum oxygen uptake during treadmill running was 
significantly higher than that obtained during ergometer cycling (Miyamura et al.. 1978; 
Pechar et al., 1974; and McCardle et al., 1969). Maximum oxygen uptake is a function of 
the cardiac output and the extraction ability of oxygen in the tissue artrerial venous 
difference (AV02 difference) (Miyamura et al., 1978).
Miyamura et al. (1978) compared the V02Max and maximal heart rates for 
untrained and trained groups between treadmill running and ergometer cycling.
Miyamura et al. (1978) reported that the mean values of V02Max for a trained group and 
an untrained group were significantly lower in ergometer cycling than in treadmill 
running. Also, the average heart rate and cardiac output during maximal treadmill 
exercise was higher than cycle ergometer for both the untrained and trained groups. They 
suggested that the lower maximum oxygen uptake in cycling was associated with a lower 
cardiac output, a lower arterio-venous oxygen difference, and lower calf blood flow.
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History of Water Running 
In recent years, walking and jogging in the water have been utilized as part of 
rehabilitative, therapeutic, and fitness programs. Walking in the water is frequently used 
in the initial stages o f eardiac rehabilitation programs (Evans et al., 1978). The 
therapeutic benefits o f jogging in the water with lower extremity joint injuries include the 
reduction of impact on the lower extremity joints (Ruoti et al., 1994). Obese people can 
also benefit from exercising in the water by reducing the effects of their excess body 
weight on their joints. In hot environments, exercising in the water can reduce heat stress 
(Evans et al., 1978).
Cardio-respiratory benefits o f water exercise include increases in stroke volume 
and cardiac output; lowering resting heart rate and blood pressure; and improving 
variables associated with cardiorespiratory fitness (Ruoti et al., 1994). Walking and 
jogging in water are included in many organized fitness programs such as Swimnastics 
(Sholtis, 1975), Aqua Dynamics (Conrad, 1977), and physical activity programs 
promoted by the President’s Council on Physical Fitness and Sports.
Cardiovascular Responses to Exercise in the Water 
Greenleaf et al. ( 1988) reported that the cardiovascular response to exercise in the 
water is different from that on land. In the water, water pressure on the lower body helps 
to increase venous return (Greenleaf et al., 1988; Blomqvisl and Stone 1983). The water 
pressure causes an increase in central venous pressure and, possibly, stroke volume 
(Arborelius et al., 1972; Blomqvist and Stone, 1983), which might reduce heart rate at a 
given V02 (Rennie et al., 1971). Explanations for lower heart rate values during water 
workouts, as opposed to land running, have included: an increase in stroke volume due to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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hydrostatic pressure o f water and the thermoregulation effect of water reducing heart rate 
and cardiac output (Connely et al., 1990).
In addition, water temperature can affect heart rate. Water temperature in the 
thermal neutral zone (approximately 30-34 degrees Celsius) reduces heart rates compared 
to heart rates on land (Avellini et al., 1983). As the water temperature decreases, so does 
the heart rate (McCardle et al., 1976).
The hydrostatic forces exerted on the body during immersion have been shown to 
alter cardiorespiratory dynamics (Arborelius et al., 1972). These changes include a 
decrease in ventilation and systemic vascular resistance with an increase in central 
venous pressure at the midthorax level, resulting from blood shifting from the periphery 
into the thorax during immersion (Arborelius et al., 1972). In water immersion, an 
increase in pressure and blood volume are thought to facilitate venous return, while 
maintaining cardiac output by increasing stroke volume and a decreasing heart rate 
(Arborelius et al., 1972).
Cardiac outputs for water cycling have been compared to those during land 
cycling and were found to be similar (McCardle et al., 1976). These exercise cardiac 
outputs were associated with higher stroke volumes, indicating lower heart rates occurred 
during submaximal water exercise (McCardle et al., 1976). These studies have raised 
questions regarding different types of water running (shallow or deep) compared to land 
running and the physiological comparisons such as heart rate, oxygen consumption, 
ventilatory equivalents, and rating of perceived exertion.
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Shallow Water Running and Treadmill Running 
Heart Rate Comparisons 
It is well documented that there is a linear relationship between heart rate and 
V02 (McArdle et al., 1991). However, this linear relationship has been established on the 
treadmill and cycle ergometer. Evans et al. (1978) suggested that the heart rate at a given 
submaximal rate o f oxygen uptake during walking and jogging in the water might be 
lower than in similar exercise performed on land. Evans et al. (1978) conducted a study 
to determine i f  the HR response of jogging in the water is significantly different from that 
in air at equivalent levels o f energy expenditure. Six male subjects performed 6- minutes 
of walking or jogging through waist-deep water (30-31 C) at five different speeds (42, 
45.6,49.2, 54.6 and 60.6 m/min) and repeated this running on the treadmill (air temp 27 -  
29 C). Oxygen uptake (V02), ventilation (VE), respiratory exchange ratio (R), and heart 
rate (HR) were measured during the last 2 minutes o f each exercise bout in the water and 
on the treadmill. They reported that the energy required to walk or run at any given 
speed in waist-deep water was considerably greater than on the treadmill. During shallow 
water jogging and treadmill running, it was observed that oxygen consumption (V02) 
and heart rate increased linearly with speed. However, heart rates at any given level of 
V02 were not significantly different (p<.05) for the exercise in the two environments. It 
was concluded that the effect of water resistance during shallow water jogging increases 
energy expenditure with little strain on the lower extremity joints. This suggests that this 
exercise modality may be a valuable alternate mode o f conditioning for developing and 
maintaining work capacity and cardiovascular fitness.
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Shallow Water Running: Specificity Training Effects 
Training programs should be tailored to develop the specific physiological 
capacities required to perform a given sports skill or activity (Fox. 1979; Wilmore. 1970; 
Astrand and Rodahl. 1986). This is referred to as the principle o f specificity. In sports 
where running is a major skill, specificity is important for the maintenance of 
cardiorespiratory and muscular fitness. When athletes experience lower extremity 
injuries, they are often forced to avoid weight-bearing activities and are prescribed 
swimming or cycling as an alternate method to maintain fitness (Hamer and Morton, 
1990). Many athletes believe that these activities lose the specificity that is needed to 
perform well. Therefore, water running has become a popular mode of rehabilitation 
exercise and has been used to maintain the injured runner’s cardiorespiratory and 
muscular fitness while preserving the principle of specificity.
Hamer and Morton (1990) investigated the training response of a water running 
program to determine whether the principles of specificity of training for running 
activities were satisfied by this mode of exercise. Aerobic, anaerobic and muscular 
parameter changes were evaluated before and following an eight-week land running and 
shallow water running interval training program (3 days per week, 20-45 minutes per 
session) involving running in shallow water. Seventeen male subjects performed pre and 
post maximal treadmill tests for an aerobic test; a Wingate 30-second anaerobic test; and 
a knee flexion test on Cybex II dynamometer for muscular endurance. Subjects were 
divided into groups based upon V02max scores and peak anaerobic performance. One 
group was the control group (n=8) and the other was the experimental group (n=9).
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The experimental group performed a graded exercise test while running in the 
water. This test was performed to determine maxV02, along with the relationship 
between oxygen consumption and heart rate while running in the water.
The experimental group performed an 8-week shallow water running training 
program, which consisted of training at a target heart rate, ranging from 60-80“/û of the 
age predicted maxHR. Subjects monitored their heart rate throughout the training 
sessions. Subjects ran using a high knee technique. MaxV02 and max HR from the 
graded exercise stress test while running in the water were similar to the values obtained 
in the treadmill running. At submaximal workloads, the heart rates were lower during 
shallow water running compared to treadmill running. The water running program 
induced a 14.15% and 13.45% increase in anaerobic peak power compared to the pre-test, 
when expressed in Watts and Watts per kilogram body mass.
Hamer and Morton (1990) did not measure specificity in running, but compared 
fitness levels of running with the use of a maximal oxygen uptake treadmill test. In order 
to measure specificity, a land timed run needs to be performed in order to investigate the 
effects of a deep water running program on the maintenance of land running times.
It was concluded that water running satisfies the principles o f specificity of 
training for running activities and that this 8-week water running program was successful 
in improving aerobic and anaerobic fitness. Hamer and Morton (1990) concluded that 
water running can be used in either short-term or long-term substitution o f land based 
running for injured runners.
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Maximal Metabolic Responses of Deep and Shallow Water 
Running in Trained Runners 
Towne and Bradley (1990) compared metabolic responses between treadmill 
running with shallow and deep water running in trained runners. Subjects were seven 
male and two female cross-country runners. Subjects performed three maximal tests, 
treadmill running (TMR), DWR, and shallow water running (SWR). Measurements 
included maximal oxygen consumption (V02max), respiratory exchange ratio (RER). 
maximal heart rate (HRmax), and lactic acid. Shallow water running was performed in 
water 1.3 meters deep; whereas, the deep water running was performed in water too deep 
to touch the bottom. The subjects were trained to deep water run without floatation 
devices (unsupported DWR).
They reported higher maximal oxygen uptakes and heart rates during treadmill 
running compared to both shallow and deep water running. MaxV02 values for SWR 
and DWR were 90.3% and 73.5% of treadmill V02max values, respectively. Heart rate 
max values for SWR and DWR were 88.6% and 86% of treadmill max values, 
respectively. Towne and Bradley (1990) suggested that the results from shallow water 
running demonstrated that maximal metabolic demands are comparable to treadmill 
running and elicit higher metabolic responses compared to deep water running
In the movement of shallow water running, the push-off phase is against a hard 
surface, similar to land technique, and produces a forward wave in the water. The wave 
produces a suction drag around the body. In DWR, resistance is limited to bodily 
movement in water (Towne and Bradley, 1990). They suggested that deep water running 
may not elicit the same biomechanical comparisons. During D\Ml, the arms assist in
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buoying up the runner by making circular motions, similar to treading water. The legs 
also move in an unfamiliar running fashion because o f the lack of firm footage and 
slower stride rate.
Unsupported Compared to Supported DWR 
Brown et al. ( 1997) investigated the relationship between HR and V02 change 
throughout unsupported and supported deep water running. They also compared the 
regression of predicted V02 and heart rate between unsupported and supported deep 
water running.
Thirty-three male and female college students were the subjects. Each subject 
completed practice sessions until satisfactory performance o f DWR was attained. All 
subjects performed two V02max tests in the water using a graded exercise protocol 
developed for supported and unsupported DWR. Subjects were tethered to the side o f the 
pool in supported deep water running. Subjects began DWR at 72 strides/min, which was 
controlled by a metronome. With each beat of the metronome, the subject would 
alternately raise one knee within 2-3 inches of the surface. The cadence was increased by 
12 strides/min every three minutes (72, 84,96 bpm etc). Criteria for determining 
maxV02 was established when the subject could no longer keep up with the cadence of 
the metronome and/or proper deep water running technique could not be maintained, or 
(2) V02 increasing by less than 2.1 (ml.kg*‘ min ’) in response to an increase in cadence. 
Heart rate and V02 were continuously monitored throughout the test. Subjects could not 
go beyond the second stage of the graded exercise protocol during shallow water running. 
A majority o f the subjects could not continue, due to the difficulty of staying above
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water. Therefore, the relationship between V02 and heart rate was dependent on the 
method of support used during DWR. Unsupported DWR has a large anaerobic 
component as evidenced by high respiratory exchange ratios after the first stage of the 
protocol.
Since the subjects could not complete the test in a graded fashion during 
unsupported deep water running, the analysis comparing linear regression of both V02 
and heart rate in supported and unsupported deep water running was not made.
Comparison of Maximal Responses Between 
Treadmill and Deep Water Running 
Several studies have compared maximal responses to treadmill running and deep 
water running (Bishop et al., 1989; Butts et al., 1991a; Butts et al., 1991b; Glass et al., 
1995; Yamaji et al., 1990).
Vamaji et al. (1990) used five male runners ranging in ability from recreational 
runners to top-level varsity runners, and two international marathon runners. They 
performed V02max treadmill and DWR tests on different days. Although the number of 
subjects was small, they reported that the HR to V02 relationship was not different from 
treadmill running. At V02 max, the heart rate was not significantly different between 
treadmill and water running (159 +/- 8 vs 154 +/- 5 beats/min). Likewise, cardiac output 
was not different for treadmill (17.4 +/- 1.5L/min) and water running (17.3 +/-1.1 L/min) 
(p< .05).
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In contrast. Bishop et al. (1989), Butts et al. (1991a), Butts et al. (1991b). and 
Glass et al. (1995), found that maximal heart rates and V02max responses were lower in 
deep water running when compared to treadmill running.
Glass et al. (1995) investigated V02, HR, minute ventilation, respirator)' quotient, 
and blood lactate levels at various levels o f self-selected intensities (RPE of 5-6 and 9-10) 
of supported deep water running as compared to treadmill running. Results indicated that 
supported deep water running did not elicit the same maximal physiological responses as 
running on the treadmill. Deep water running maxV02 values were 89% of treadmill 
maxV02 values. Maximum heart rates were also lower in the water than on the 
treadmill. However, blood lactate values were higher in the water than on land. However 
at similar submaximal workloads, an RPE range from 3-4, elicited similar oxygen 
uptakes and heart rates for both deep water running and treadmill running. They 
concluded that it takes a higher RPE for supported deep water running as compared to 
treadmill running to achieve the same physiological responses. This is in agreement with 
Bishop et al. (1989).
The explanations given for lower heart rate values in the water as opposed to 
treadmill running were due to an increase in stroke volume due to external hydrostatic 
pressure of the water, and the thermoregulation effect of water reducing heart rate and 
cardiac output (Sheldahl et al., 1986). Glass et al. (1995) suggested that the higher blood 
lactate while exercising in the water was due to the density o f the water. The density of 
the water is 800 times that o f air (Di Prampero, 1986).
Butts et al., (1991a) also found that the HRmax and V02max during deep 
water running was lower than treadmill running. They also compared the maximal
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respiratory exchange ratio (RER) and HRmax differences between men and women, and 
found no significant differences during treadmill and DWR. but men had a significantly 
higher V02max. There were similar findings between Butts et al. (1991a), Bishop et al. 
(1989), and Glass et al. (1995) studies. However, those studies did not clarify on what 
training intensity should be performed in deep water running in order to maintain 
maximal oxygen uptake values for treadmill running.
In contradiction to the results found by Bishop et al. (1989), Butts et al. (1991a), 
Butts et al. (1991b) and Glass, (1995); Yamaji et al. (1990) found similar V02max and 
MaxHR when treadmill running and DWR; as opposed to. A reason for Yamaji’s 
different findings could have been that subjects were not supported while deep water 
running, yielding a higher heart rate in order in keeping their head and neck above water. 
The subjects had to rely heavily on their arms in keeping them afloat. “ Arm exercise is 
associated with higher HR than observed during leg exercise at the same V02 (Lewis et 
al., 1983)” . These athletes had similar or higher heart rates during water running 
compared to treadmill running. During water running, the cause of higher HRs in some 
subjects were probably due to the arms being used differently, such as helping with 
treading water (Yamaji et al., 1990).
Effect of Familiarity with Deep Water Running 
On Maximal Oxygen Consumption 
Frangolias et al (1996) examined the effect of familiarity o f the water on 
maximal oxygen uptake during deep water running. The experimental and control groups 
consisted o f twenty-two endurance runners (14 males and 8 females). The experimental
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group was composed of sixteen trained deep water runners and the control group was 
composed of six untrained deep water runners. Both groups performed pre and post max 
V02 treadmill test and in deep water running.
The experimental group was further subdivided according to the intensity of their 
DWR training sessions. Ventilatory threshold (Tvent) was determined from excess C02 
plotted over time and treadmill speed for each subject. After Tvent was determined, 
subjects were asked to exercise at the HR at Tvent in the water. The experimental training 
groups were: (I) interval exercise HR greater than or equal to HR at water ventilatory 
threshold (Tvent); (2) steady-state with exercise HR greater than or equal to water Tvent 
HR; and (3) steady-state with exercise HR less than water Tvent HR. Thus, training 
below Tvent was classified as light workout intensity and above Tvent was classified as 
hard workout intensity.
Results supported their hypothesis that deep water running familiarity was related 
to deep water running V02 max performance. The more familiar a runner was with deep 
water running, the smaller the differences between treadmill and deep water running 
V02max values. In addition, smaller differences were exhibited in subjects who 
exercised at and above Tvent in the water. In addition, trained deep water runners (3.8 
ml/kg/min) have smaller differences in V02max values than untrained deep water 
runners (10.3 ml/kg/min). This allows athletes to cross-train in water at workloads similar 
to their land-based workout intensities.
A ll groups exhibited lower heart rates during maximal deep water running. The 
results indicated a 5-10% lower HR responses for deep water running at similar
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intensities. Frangolias et al. (1996) suggested that training heart rate values were lower 
during deep water running by 5-10% for similar exercise intensity and above Tvent.
Perceptual Responses to Deep Water Running and Treadmill Running 
Brown et al. (1996) conducted a study on perceived exertion and exercise 
responses (V02 max and HR) during deep water running and treadmill running between 
men and women. Twenty-four subjects (12 men and 12 women) performed a V02 max 
test on the treadmill and in deep water running in 3-minute stages at leg speeds controlled 
by a metronome. Ratings of perceived exertion were recorded at the end of each 3- 
minute stage of treadmill and deep water running.
The results showed that V02max for both men and women were significantly 
greater on the treadmill (men = 45.2 +/- 4.4, women = 40.1 +/- 3.1, p< .001 ) than during 
deep water running (men = 39.1 +/- 8.3, women = 30.1 +/- 4.5, p< .001 ). Peak heart rate 
(bpm) for both men and women was significantly (p< .001) greater during treadmill 
running (men = 195.7 +/- 5.2, women 194.6 +/- 5.0) than during deep water running (men 
= 183.8 +/- 7.7, women =173.9 +/- 7.3).
However, when leg speeds were matched, relative and absolute V02 and heart 
rate during deep water running were much higher than on the treadmill. There was a 
significant difference in heart rate between exercises, with heart rate during deep water 
running averaging 21% higher (p< .0001). Perceived exertion during deep water running 
was significantly greater than during treadmill running (p< .05). Ratings of perceived 
exertion during DWR averaged 3.5 points higher than during treadmill running at any 
given stage. There was no difference in maximal ratings by gender or exercise mode. The
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researchers concluded that when exercising at matched leg speeds, both gender groups 
responded with significantly higher perceived exertion ratings in the water. These results 
followed similar findings by Glass et al. (1995), Michaud et al. (1995b). and Bishop et al. 
(1989).
Deep Water Running Training and 
Effects on V02max 
Several studies have compared the effects of a deep water running training 
program and a road running program on maximal oxygen consumption (Eyestone et al., 
1993; Quinn et al., 1994; Michaud et al.. 1995a; Wilber et al., 1996; Davidson et. al., 
2000)
Eyestone et al. (1993) used 32 trained, male subjects randomly divided into three 
groups. Each group trained for 6 weeks either by water running (N=10), cycling (N=l 1). 
or treadmill running (N=l 1) to maintain V02max and 2-mile run performance. Subjects 
participated in a 4-week pre-training session, which included running 30 minutes a day, 
three days a week. The purpose this 4-week pre-training session was never given. It may 
have been necessary in order to have the subjects at a baseline fitness level. Subjects 
were tested for V02max treadmill test and 2-mile run performance after the 4-week pre­
training session and after the 6 weeks o f the experimental training. The total duration of 
training was 10 weeks. Regardless of the mode of training (DWR, TR, Cycling) groups 
trained with similar frequency, duration, and intensity over the 6-week period.
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The Training Protocol for all three modes of training was as follows:
WEEK FREQUENCY INTENSITY DURATION
1 3 Days/week 70% of Max HR 20 Minutes
2 4 Days/week 75% of Max HR 25 Minutes
3 5 Days/week 80% of Max HR 30 Minutes
4 5 Days/week 80% of Max HR 30 Minutes
5 5 Days/week 80% of Max HR 30 Minutes
6 5 Days/week 80% of Max HR 30 Minutes
The results indicated that all groups resulted in a small, but significant decrease in 
V02max during the treatment period, although the changes were not large enough to be 
physiologically significant. No reason was given for the small significant decrease in 
V02max after the treatment period. Following a 6- week training period, the hypothesis 
was supported that the subjects either maintained or improved their V02max by all three 
training modes. There was no change in 2-mile run times, so deep water running can 
maintain the specificity o f land based running. None o f the training modes (water 
running, cycling, or running) had an impact on the changes in V02max. It was concluded 
that runners who cannot run because of injury are able to maintain V02max and 2-mile 
run performance similar to running training with either cycling or water running.
Quinn et al. (1994) and Davidson et al. (2000) compared the effects of deep water 
running training and road running training in maintaining V02max in untrained women. 
Quinn et al. (1994) used seven untrained females who completed a V02max treadmill
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test before a 10 week training period of land based running, which was followed by a 4 
week deep water running training program. A post maxV02 treadmill test was 
administered after the 4 week DWR training program. Karvonen’s formula was used to 
calculate heart rate reserve (HRR) Weeks 1-3, subjects ran at 60% of their HRR. Weeks 
4-6 were conducted at an intensity o f 70% of HRR. Finally, weeks 7-10 were conducted 
at an intensity of 80% of HRR.
The exercise intensity for deep water running was established at 80% of HRR 
minus 10 bpm, which was based on previous research suggesting that exercise intensity 
in the water is at least 10 bpm lower than that for land training (Butts et al.. 1991a: Butts 
et al., 1991b; Svendenhag and Seger, 1992).
Quinn et al. (1994) reported that the V02max value for post-land based training 
was significantly greater than the post-deep water running V02ma.\ values. The post­
deep water running V02max was 7% lower than the post-land based training value.
They concluded that the DWR formula, 80% of HRR minus 10 bpm, was not an intense 
enough exercise intensity to maintain V02max. They explained that the drop of 7% in 
post-DWR V02max was due to the steady-state DWR program, unlike the land based 
training, which was performed at an incremental intensity.
Quinn et al. (1994) concluded that females performing deep water running due in 
an injury would be that:
( 1) deep water running training must be performed at a higher intensity level 
compared to land-based training
(2) exercise prescriptions developed using the equation, 80% of HRR minus 10 bpm, 
may not be appropriate to maintain V02max
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(3) deep water running training should incorporate interval training
(4) deep water running training is preferred over complete cessation o f activity.
Davidson and McNaughton (2000) compared the effects o f deep water running 
(DWR) training and road running (RR) training on V02max in untrained women.
Ten untrained women were randomly assigned to either the DWR or RR training 
programs. The training program consisted of a 4 week, 3 days a week progressive for 50 
mins. aerobic interval program either in water or on land. Subjects trained at 60% of their 
V02max for the first two weeks. The last two weeks subjects trained at 65% of V02max. 
V02 max tests were done before and after the training program.
There were no significant difference in the post-test MaxV02 between DWR 
(V02ma.\=43.5 +-1.2 ml/kg/min) and RR (V02max = 42.9 +_ 1.9 ml/kg/min). It was 
concluded that both deep water running and road running training improved 
cardiovascular fitness. The gains in cardiovascular fitness (V02max) attained from deep 
water running suggest that when the guidelines for exercise frequency, intensity, and 
duration are followed, this mode of exercise may be incorporated into a regular training 
program.
Wilber et al. (1996) examined the effects of a 6-week DWR training program on 
the maintenance o f cardiorespiratory performance (V02max), ventilatory threshold 
running economy: metabolic measurements of blood glucose, blood lactate, and plasma 
norepinephrine. Sixteen trained male runners were assigned to one o f two groups: 
V02max treadmill (TR) or V02max deep water run (DWR).
Subjects participated in their respective training programs, which consisted of workouts 
of the following:
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WEEK FREQUENCY INTENSITY DURATION
1 5 Days/week 90-100% V02 max 30 minutes
2 5 Days/week 90-100% V02 max 30 minutes
3 5 Days/week 90-100% V02 max 30 minutes
4 5 Days/week 70-75% V02max 60 minutes
5 5 Days/week 70-75% V02max 60 minutes
6 5 Days/week 70-75% V02max 60 minutes
Prior to the 6 -week training, maximal treadmill tests were performed at the 
beginning of the training, again at the third week of the training program (Day 21 ), and 
finally at the end o f the 6 weeks.
Results indicated that there were no significant changes observed between the two 
groups following 6 weeks of workouts for V02max, maximum heart rate, maximal 
ventilatory exchange (VE max), or treadmill run time to exhaustion. These results 
suggests that water running was an effective training alternative to land-based running for 
the maintenance o f maximal aerobic capacity among trained athletes. This finding is in 
agreement with Eyestone et al. (1993) that DWR maintained treadmill V02max after 6 
weeks of DWR workouts.
Only one study was conducted to compare the effects of deep water running 
training program on cardiorespiratory gains on a treadmill V02max and DWR V02max 
test. Michaud et al. (1995a) investigated the effects o f an 8-week DWR training program
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on treadmill(TM) and deep water running (DWR) V02max. There was an experimental 
group and a control group. The experimental group consisted of sixteen untrained 
subjects (14 female, 2 male) who performed the 8-wk progressive, interxal. deep water 
running training program. The control group consisted of 7 sedentary women. Subjects 
participated in both TM MaxV02 and DWR V02ma.x tests for pre and post testing. A 
modified Bruce protocol was used for the TM V02max test. A modified, Brennan and 
Wilder (1993) DWR protocol was used to assess DWR V02max. Oxygen consumption 
and RER were measured every minute during exercise using open-circuit spirometry. 
Heart rate and RPE were also measured during every minute of exercise.
Following the maximal tests, the experimental group participated in a 8 week 
DWR training program. The sessions were 16-32 minutes, 3 days a week at 63 to 82% of 
TM HRmax.
Michaud et al. (1995a) results indicated that the 8- week training program 
significantly increased deep water and treadmill running V02max (20.1% and 10.6%) 
respectively. DWR training improved V02 max for DWR almost twice as much as it did 
than in treadmill running V02max. Posttraining V02max values for TM and DWR were 
significantly greater than pretraining values. Pre- and posttraining HR did not differ for 
either DWR or treadmill running. Thus, DWR training improved cardiorespiratory 
fitness for the experimental group, produced greater gains in DWR V02max than 
treadmill running, and resulted in a training carryover effect to treadmill exercise.
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Comparison of Physiological Responses Between Submaximal 
Treadmill Running and Deep Water Running
Several studies were conducted on the physiologic responses between treadmill 
running and deep water running at equivalent submaximal workloads (Svendenhag and 
Seger, 1992; Michaud et al., 1995b, Mercer and Jensen, 1998; DeMeare and Ruby. 1997).
Svendenhag and Seger (1992) concluded that heart rate at a given submaximal 
V02 was lower during running in the water than during treadmill running. In contrast. 
Mercer and Jensen (1998), Michaud et al. (1995b), and DeMeare and Ruby (1997) found 
that heart rates at given submaximal workloads during DWR did not differ from treadmill 
running.
Svendenhag and Seger (1992) investigated the effect of cardiorespiratory and 
blood lactate responses during deep water running compared to treadmill running at 
equivalent workloads. Wearing a buoyant vest, 10 trained runners ran in the water for 
four minutes at each of four exercise intensities. The subjects were instructed to keep the 
same intensity throughout each exercise intensity level. The HRs during the four 
intensities were: 115,130, 145, and 155-160 bpm. V02, HR, RPE, and blood lactate 
concentrations were measured at each intensity. About 3-4 minutes after the completion 
of the fourth stage a DWR V02max was measured. Two weeks after the DWR tests, 
subjects performed submaximal and maximal treadmill tests. For the submaximal testing 
on the treadmill, the same protocol was used as in the water. The treadmill velocities 
were chosen to obtain a V02 similar to that in the water for the corresponding load (nos. 
1-4; mean 11.2,13.0,14.9, and 16.2 km/hr). Following the submaximal treadmill test, 
subjects performed TM maxV02 test.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
The results indicated that both the V02max (4.03 vs 4.60 L/min) and HR ( 172 vs 
188 bpm) were lower in DWR compared to treadmill running. RPE and RER were 
higher during submaximal water running than during treadmill running, while ventilation 
(L/min) was similar. At a V02 3.5 L/min the RPE was (14.6 +/- 0.6 vs 12.6 - 0.7,p < 
0.01) significantly higher during running in the water than during treadmill running. The 
RER at V02 3.0 L/min was significantly higher in the water than on the treadmill. The 
blood lactate concentrations were consistently higher in the water than on the treadmill. 
Svendenhag and Seger (1992) suggested the higher anaerobic metabolism during 
immersion is partly due to the external hydrostatic pressure and altered muscle activation 
patterns due to the absence of support phase while deep water running. Furthermore, the 
results indicated that for a given V02, heart rate was 8-11 bpm lower during DWR than 
during treadmill running. The temperature of the water, which was 25 degrees Celsius, 
may explain the lower heart rate in the water. It has been shown that the cardiovascular 
adjustments to water are dependent on water temperature (McCardle et al., 1976). In the 
Svendenhag and Seger study, they found heart rate reduction at 25 degrees Celsius was 
similar to the HR reduction at 25 degrees Celsius found by McCardle et al. (1976).
Other studies have shown different results. Michaud et al. (1995b), Mercer and 
Jensen (1998), and DeMeare and Ruby (1997) found no significant difference in HR at 
equivalent submaximal workloads between deep-water running and treadmill running. 
Michaud et al. (1995b) compared the physiological responses of maximal and 
submaximal deep water and treadmill running. Six well-trained male runners performed 
V02max DWR and V02max treadmill running tests and participated in three 15-min 
steady-state submaximal exercise trials after the V02max tests:
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(a) treadmill running of 75% of treadmill running max V02 (T75)
(b) deep water running o f 70% of deep water running max V02 (DW 70)
(c) deep water running o f 75% of treadmill running max V02 ( DW 75T)
The DWR GXT used a tether system of pulleys and weights to increase exercise intensity 
at each stage.
Results indicated that V02max (4.3 L/min vs 3.8 L/min) and HR ( 184 bpm vs 
168.8 bpm) were significantly greater (p< .05) for treadmill running. .At similar exercise 
intensities, blood lactate and respiration exchange ratio were significantly greater during 
DWR. At the same exercise intensity, HR was similar between DWR (DW 75T; 151 
bpm at a V02 of 3.2 L/min) and treadmill running (TM 75; 154 bpm at a V02 of 3.3 
L/min). Using Borg’s 1-10 RPE scale, at the same RPE, HR did not differ significantly 
between DWR and treadmill running. In contrast, at the same RPE o f 3, the V02 for 
treadmill running was higher compared to DWR (3.3 and 2.6 L/min), respectively. It was 
concluded that HR but not RPE can be used to accurately assess the aerobic demand of 
deep water running.
In support o f Michaud et al. (1995b) results, Mercer and Jensen (1998) conducted 
a study comparing submaximal HR and V02 during DWR and treadmill running at 
similar intensities and found that heart rates did not differ at specific submaximal V02 
levels between these two modes o f exercise. Fifteen men and 13 women completed a 
graded exercise test (GXT) during DWR and treadmill running. They compared 60%, 
80%, and 100% levels o f MaxHR and V02max between DWR and treadmill running. 
Additionally, heart rates that corresponded to V02 levels of 20 and 30 ml/kg/min for 
women and 20,30, and 40 ml/kg/min for men were compared between DWR and TR,
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It was reported that the 60%. 80%. and 100% levels o f both HRmax and V02max 
were lower during DWR than TR since the maximal values were different (p< .05). 
However, there were no significant differences in heart rates at equivalent submaximal 
levels between tests for either gender (p> .10). The results were as follows;
Oxygen uptake HR DWR HRTR HR DWR HRTR
Men Men Women Women
20 ml. kg ', min ' 122 bpm 124 bpm 136 bpm 139 bpm
30 ml. kg ', min ' 142 bpm 144 bpm 162 bpm 163 bpm
40 ml. kg ', mm' 159 bpm 161 bpm
These results provided evidence that during submaximal exercise HR-V02 relationship 
was similar for DWR and TR.
In addition to these findings, DeMeare and Ruby (1997), conducted a study to 
compare the effects of submaximal DWR and TR on V02, energy expenditure, and 
substrate utilization in trained, male cross country runners (n=8). Subjects completed a 
V02max treadmill test, followed by a submaximal TR and DWR test at heart rates 
equivalent to 60% and 80% treadmill V02max. This study followed similar methods 
used in Mercer and Jensen (1998). However, DeMeare and Ruby (1997) increased the 
subject’s cadence during DWR, instead of increasing load, in order to reach submaximal 
workloads. Measurements included V02, ventilation (VE), RPE, and fat and 
carbohydrate oxidation (RER) during two five-minute steady state stages for both trials.
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It was reported that the trial by intensity interaction for VE was significant, 
demonstrating greater ventilation during DWR as compared to TR at 80% V02max. The 
substrate utilization for fat and carbohydrate patterns appeared to differ between DWR 
and TR. There was a higher RER during submaximal DWR eompared to submaximal 
TR, which suggested a higher carbohydrate utilization in DWR compared to TR. RPE 
was similar between DWR and TR at a heart rate of 143 {12 and 11 ), respectively.
They reported that no difference was found in HR at submaximal V02 between 
DWR and TR. During DWR and TR at 60% of TRV02max the oxygen consumption 
was 39.6 +/- 2.4 and 40.7 +/-1.9 ml/kg/min, respectively. The heart rates at this 
percentage were 143 +/- 8 and 143 +/- bpm, respectively. During DWR and TR at 80% 
of TRV02max the oxygen consumption was 54.9 +/. 4.4 and 55.4 +/- 2.3 ml/kg/min, 
respectively. The heart rates at this percentage were (172 +/- 6 and 173 +/- 6 bpm), 
respectively. This demonstrated that DWR provides similar cardiovascular responses as 
compared to TR.
DeMeare and Ruby (2000) concluded that there are distinct muscle recruitment 
patterns unique to each mode of exercise. They stated that DWR relies more heavily on 
upper body musculature, thereby decreasing the dependency for lower limb recruitment. 
This statement has not been supported by any electromyographic data on DWR and TR.
Since the results from Svendenhag and Seger (1992), differed from results found 
in Michaud et al. (1995b), Mercer and Jensen (1998), and DeMeare and Ruby (2000). 
Mercer and Jensen (1998) reasoned that this discrepancy may be due to statistical 
methodology techniques used. Svendenhag and Seger used a linear regression model to 
analyze the relationship of V02 to the heart rate (submaximal exercise) and perceived
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exertion o f each subject for each of the runs on the treadmill and in the water, with a 
small sample size (n=9). Mercer and Jensen compared the recorded heart rate that 
corresponded to a particular V02 with a larger sample size ranging from eleven to 
fifteen.
Mercer and Jensen (1998) and Michaud et al. (1995b) reasoned that the 
discrepancy in findings may also be related to the differences in water temperature while 
deep water running. Svendenhag and Seger ( 1992) reported the water temperature was 
25 degrees Celsius, while the water temperature in Mercer and Jensen’s study was 26.9 
degrees Celsius. It is still not clear if  slight variations in water temperature affect the 
HR-V02 relationship. McCardle et al. (1976) reported there was no difference between 
heart rates at submaximal workloads in cycling on land and in water when the 
temperature was 33 degrees Celsius in the water.
Summary
Walking and jogging in the water have been used as part of several rehabilitative 
and therapeutic programs (Evans et al., 1978). The therapeutic benefits of jogging in the 
water on individuals with lower extremity joint injuries, include minimal impact on the 
lower extremity joints, which allow the joints to heal while muscles surrounding the joint 
are working (Ruoti et al., 1994). Cardio-respiratory benefits include increases in stroke 
volume, cardiac output, and maintaining cardio-respiratory fitness (Ruoti et al., 1994).
Greenleaf et al. (1988) reported that the cardiovascular response to exercise in the 
water differs from that on land. The water pressure on the lower body acts to increase the 
venous return, which might reduce heart rate at a given V02 (Bloomqvist and Stone,
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1983). Explanations for lower heart rate values during water workouts, as opposed to 
land running, have been an increase in stroke volume due to zero gravity, hydrostatic 
pressure o f water, and the thermoregulation effect of water reducing heart rate and 
cardiac output (Connely et al., 1983).
Evans et al. (1978) compared the heart rates during shallow water running and 
treadmill running and found that the energy required to walk or run at any given speed 
was considerably greater than on the treadmill. They concluded that water resistance 
increases the energy expenditure and gives very little strain to the lower extremity joints, 
suggesting that this mode of exercise may be able to maintain cardiorespiratory fitness. 
The performance o f a graded exercise test, while shallow water running, was found to 
elicit similar V02max and heart rate as treadmill running (Hamer and Morton, 1990). 
Shallow water running is very different from deep water running because shallow water 
running is partly weight-bearing and allows for ground reaction forces while running.
Deep water running has become a popular mode of maintaining cardio-respiratory 
fitness in injured runners. Several studies have investigated the maximum physiological 
comparisons between deep water running and treadmill running (Bishop et al., 1989; 
Butts et al., 1991a; Butts et al.; 1991b; Glass et al.; 1995; Yamaji et al., 1990). Yamaji et 
al. (1990) found heart rates, during maximal work, were not significantly different from 
the deep water running and treadmill running. A possible reason was that the subjects in 
the water were unsupported, yielding higher energy expenditure in maintaining 
themselves above water. The other maximal oxygen uptake studies used flotation 
devices during deep water running (Bishop et al., 1989; Butts et al., 1991a; Butts et al. 
1991b; Glass et al. 1995). Brown et al. (1997) performed a study between unsupported
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and supported deep water running found that energy expenditure was significantly higher 
during unsupported deep water running than supported deep water running.
In contrast, other studies have found that maximal work in the water yields a 
lower heart rate and V02 than on the treadmill (Bishop et al.. 1989; Butts et al.. 199 la; 
Butts et al.. 1991b; Glass et al., 1995) These studies have also shown that the ratings of 
perceived exertion were higher in the water than on the treadmill, while performing 
maximal work. These studies have revealed that maximal values are lower in the water 
than on the treadmill. I f  a runner was injured, was it possible to maintain 
cardiorespiratory fitness levels, i f  training was only deep water running?
Eyestone et al. (1993), Davidson and McNaughton (2000), Michauad et al. 
(1995a), and Wilber et al. ( 1996) have reported that deep water running training can 
maintain treadmill V02 max values. Eyestone et al. (1993) concluded that runners who 
cannot run because o f injury are able to maintain V02 max and 2-mile run performance 
similar to treadmill running.
In contrast, it has also been found that deep water training cannot maintain 
treadmill max values (Quinn et al., 1994). In Quinn et al. (1994), subjects performed 
deep water running for four weeks at a lower intensity than road running. Subjects 
performed deep water running at an intensity that was calculated at 80% of heart rate 
reserve minus 10 bpm. Quinn et al. (1994) concluded that this formula for deep water 
running was not intense enough in order to maintain treadmill V02 max values.
It has been shown that deep water running training can maintain cardio­
respiratory benefits, i f  a runner cannot road run due to injury (Michaud et al., 1995a). 
Also, it is known that maximal oxygen uptake and heart rate values are lower during deep
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water running than treadmill running (Bishop et al.. 1989; Butts et al., 1991a; Butts et al.. 
1991b; Glass et al., 1995). It may be possible that heart rates are different during 
treadmill running and deep water running at equivalent submaximal workloads
Svendenhag and Seger ( 1992) concluded that heart rate at a given submaximal 
V02 was lower during running in the water than during treadmill running. In contrast, 
three studies found that heart rate, at given submaximal workloads while DWR. does not 
differ from treadmill running (DeMeare and Ruby, 2000; Mercer and Jensen. 1998; 
Michaud et al., 1995b).
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METHODOLOGY AND DATA DESCRIPTION 
Purpose of Study
Using runners and swimmers, the purpose of this study was to compare the heart 
rates during treadmill running, cycling, and deep water running at 60% and 75% of 
MaxV02. Also, to compare ratings of perceived exertion (RPE) between runners and 
swimmers during treadmill running and deep water running at 60% and 75% of 
MaxV02.
Subjects
Fifteen subjects volunteered for the study. O f the fifteen subjects, only thirteen 
successfully completed all o f the data collection. Therefore, the results were based on 
thirteen subjects. Two subjects data were eliminated due to instrumentation failure and 
when asked to re-test could not re-test due to swim training conflicts. The thirteen 
subjects consisted of eight student athletes from University o f Nevada, Las Vegas who 
were Division I runners or swimmers, one subject who was a former Division 1 track 
athlete, and additionally four recreational male runners. O f the thirteen subjects, there 
were three male and two female swimmers and four male and four female runners. 
Physical characteristics o f the subjects are presented in Table 1.
37
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The University Institutional Review Board approved the study (See Appendix A). 
Subjects received a verbal and written explanation of the study and the testing protocols 
and gave their written consent to participate (See Appendix B).
Table 1 Subjects Body Measurements
F. Runners Weight
(kg)
Height
(cm)
% Fat Age(yrs) Max
V02(ml/kg/min)
Max V02
(Umin)
KB 44.6 152 12.6 21 61.06 2.72
JZ 52.7 168 15.2 20 59.21 3.12
MG 52.3 163 15.2 22 50.10 2.57
MR 59.1 170 12.0 23 46.40 2.74
MEAN 52.2 163 13.75 21.5 54.19 2.79
STDEV 5.95 0.08 1.69 1.29 7.07 0.23
M. Runners Weight
(kg)
Height
(cm)
% Fat Age (yrs) Max
V02(ml/kg/min)
Max V02
(L/min)
DP 80.9 180 13.9 26 62.54 5.00
MK 75.0 191 14.3 22 51.57 3.82
JPB 69.6 170 12.4 31 64.70 4.50
RH 61.8 178 15.1 25 57.38 3.55
MEAN 71.8 180 13.93 26 59.05 4.22
STDEV 8.12 0.09 1.13 3.74 5.85 0.66
F. swimmers Weight
(kg)
Height
(cm)
%Fat Age (yrs) Max
V02(ml/kg/min)
Max V02
(L/min)
HN 60.0 163 22.5 21 56.97 3.41
SR 75.9 175 25.8 21 40.90 3.10
MEAN 68.0 169 24.15 21 48.94 3.26
STDEV 11.25 0.08 2.33 0.00 11.36 0.22
M. swimmers Weight
(kg)
Height
(cm)
% Fat Age (yrs) Max
V02(ml/kq/min)
Max V02
(L/min)
GW 84.1 191 9.1 23 49.22 4.14
LM 84.1 193 8.3 20 54.55 4.59
DW 84.1 191 9.1 23 57.17 4.81
MEAN 84.1 191.17 8.83 22 53.65 4.51
STDEV 0.00 0.06 1.05 2.06 4.05 0.34
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Apparatus 
Deep Water Running Tank 
The deep water running tank was located in the Lied Athletic Facility, which 
measured 10 ft. X 10 ft. X 10 ft. The 60% and 75% of MaxV02 tests for DWR were 
performed in this tank. The tank had a computerized filter system, which maintained 
water temperature at 29 degrees Celsius.
Motor Driven Treadmill 
Ma.\V02 tests for runners and the 60% and 75% of MaxV02 tests for swimmers 
were performed on a Quinton motor driven treadmill. The treadmill speed was calibrated 
prior to the study. The treadmill speed ranged from 1 mph to 15 mph and the percent 
grade could be changed from 0% to 40%.
Monark Cycle Ergometer 
The Monark cycle was used to perform the MaxV02 for swimmers and the 60% 
and 75% of MaxV02 tests for runners. After pedaling without resistance, the red line on 
the pendulum was set at 0 kilograms (kg). The cycle ergometer allows for manual 
resistance adjustment. The resistance ranges from 0 kg to 7 kg with increments o f .5 kg.
AquaJogger Belt
An AquaJogger Belt manufactured by the, AquaJogger Company, was used 
during the deep water running. This is a flotation device, which permits the subject to be 
in an upright running position with the neck and head above the water. When a belt is
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used it is referred to as supported deep water running and is commonly used by deep- 
water runners (Brennen, 1996). The belt reduces the energy cost of DWR (Brennen. 
1996). The subjects were properly fitted with the AquaJogger belts before each training 
and testing session (Figure 1). The subject was tethered to the DWR tank ladder to 
prevent any change in position (See Figure 1 ).
Metronome
A metronome was used to determine the cadence of the pumping action of the 
legs and arms during DWR. During DWR, a subject’s leg movements were to the 
cadence o f the metronome. Brennen ( 1996) reported that DWR intensity increases as 
speed o f the leg and arm movement increases. Changing the cadence of the metronome 
controlled intensity of DWR. The metronome was calibrated before each test.
Polar Heart Rate Monitor 
The Polar Beat Heart Rate Monitor (Model CE 0537) was used to record the 
subject ’s heart rate during all three modes o f exercise. The monitor had a chest strap and 
wrist watch receiver. The chest strap contains sealed electrodes that picks up the R wave 
of the ECG and transmits the heart rate to the watch. The Polar Beat Heart Rate Monitor 
has been shown to be as accurate as the electrocardiogram for monitoring heart rate. The 
chest strap that touches the subject's skin can be moistened with water or EKG paste for 
better conduction. In this study, the watch was not worn by the subject, but was held by 
the test administrator. The watch was held less than three feet from the subject.
Figure 1. Photograph o f AquaJogger Belt
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Figure 1. Photograph of AquaJogger Belt
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Open Circuit Spirometry 
Oxygen consumption was measured using open circuit spirometry using the Vista 
Mini-CPX Model 17670 metabolic system. The system was calibrated prior to each 
testing session according to the manufacturer's specifications. The metabolic system 
measures the volume of expired air (VE), fraction of expired oxygen (FEV02). fraction 
of expired carbon dioxide (FEC02), tidal volume (TV), respiratory exchange ratio 
(RER), and metabolic equivalent (MET) value.
Prior to measuring V02, the subject was fitted with a facemask. which covered 
the nose and mouth. The mask was tested to ensure that expired air could not escape and 
that the expired air entered into the turbine that was connected to the facemask. The 
turbine samples the expired air, passes it through the sampling lines to the volume 
transducer and the C02 and 02 gas analyzers. The metabolic system was placed with the 
same distance for each test modality, and required about three feet of sampling lines.
To ensure that water would not splash into the turbine and transducer, 
a plastic sheet was placed around the subject’s neck, which floated above the water, with 
their head and neck above the water, while their arms and legs were below the plastic 
sheet (See Figure 2). The sampling lines were attached to a bar above the DWR tank to 
ensure the lines would not get wet (See Figure 2).
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Figure 2. Photograph of plastic sheet and sampling lines during DWR
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RPE Scale
A laboratory RPE 6-20 point scale was used to record RPE during each testing 
session (See Figure 3). The RPE scale used was similar to Borg’s RPE scale, but had 
different descriptors (Borg et al., 1998). The RPE scale was from the Exercise 
Physiology Laboratory at UNLV. RPE was recorded for each subject during the last 15 
seconds of every three-minute stage. Prior to each test, the subject was briefed on how to 
interpret the scale and how to use the scale while being tested. The subject was told that 
the readings refer to an overall self-perception of how they are feeling totally and not just 
in their legs. During treadmill running and cycling, the subject was instructed to point at 
which number best represents an overall feeling at the end o f each 3 minute interval when 
asked, “ How are you feeling?”  by the tester. During DWR, the tester pointed and stated 
the RPE’s to the subject, and then the subjects nodded to confirm their RPE at that stage. 
The scale is numbered 6-20, with 6 being very, very, light exertion and with 20 being a 
very, very hard exertion. The number 6 would represent the feeling of exertion during a 
light activity, where there is minimal effort. The number 20 would represent the feeling 
of maximal exertion.
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Figure 3. UNLV Exercise Physiology Scale o f Perceived Exertion
6
7 very, very light
8
9 very light
10
11 fairly light
12
13 somewhat hard
14
15 hard
16
17 very hard
18
19 very, very hard
20
Methods 
Deep- Water Running Technique 
The DWR technique was similar to that presented in David Brennan’s Water 
Running Handbook ( 1996). Subjects wore an Aqua-Jogger flotation belt. For specificity 
o f training, the movements o f DWR simulated the movements in running. The tester
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controlled the technique during the DWR session through obser\ation and corrected the 
subjects, i f  they deviated from the technique.
The subjects were in a near vertical position with their head above water. The 
elbows were flexed at approximately 90 degrees. Each hand made a fist to prevent the 
subjects from cupping the water, reducing the ability of treading water. .Arm movements 
were rapid flexion and extension of the arms, keeping elbows flexed, and a pendulum­
like action with the arm abducted about three inches. DWR technique should be as 
similar to running as possible for specificity.
The leg action was when one knee was brought up toward the surface of the water 
and the foot was dorsiflexed. The other leg was extended. The legs then switched 
positions, which simulated a running motion. The intensity was increased w hen the legs 
and arms moved faster.
Deep-water Running Familiarization 
Prior to the deep-water submaximal testing, each subject participated in a 10 
minute DWR practice session. The subject was fitted with the headgear that included the 
turbine from the metabolic cart. The subject entered into the DWR tank and the plastic 
sheet was placed on the water around their neck. Their head was above water.
The subject practiced DWR to the beat of the metronome in order to become 
familiar with the rhythm and intensity of deep water running. The cadence o f the 
metronome was set to ICO bpm and every two minutes increased to 120 bpm, 138 bpm, 
160 bpm, and 176 bpm. The subject was instructed at each beat o f the metronome that
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the knee came to the surface of the water. It was necessary for all o f the subjects to be 
acquainted with the technique before the DWR testing session.
Frangolias et al. (1996) reported that trained deep-water runners have lower heart 
rates for similar workloads in the water than the novice deep-water runners do. The 
purpose of this session was to help familiarize the subject to the correct deep-water 
running technique.
Testing Days
Day 1- Orientation to the Study and Body Measurements
Subjects were assigned testing session times. Testing sessions were in the Lied 
Athletic Complex, which housed the DWR tank. On Day 1, subjects were briefed on the 
purpose of the study, any questions were answered, and an informed consent form was 
signed. The subjects were informed of their testing times and the proper attire to wear 
which included a swimsuit for the DWR test, and exercise clothes (T-shirts and gym 
shorts) and comfortable running shoes for the cycle ergometer and treadmill test. They 
were given a form, which included the days o f testing, mode of exercise, and proper attire 
to wear (See Appendix C). The subjects were shown the RPE scale and given 
instructions on how to use the scale. The MaxV02 tests were explained. Runners 
performed a MaxV02 test on the treadmill and swimmers performed a MaxV02 test on 
the cycle ergometer. It was explained that all other tests were going to be at 60% and 
75% of MaxV02.
Following the explanation of the tests, subjects were given practice running 
sessions on the treadmill and a comfortable running speed was a speed chosen that they
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could continue for 15 minutes). The intensity increased by changing the grade of the 
treadmill. The percent grade increased 2.5% every minute while the speed chosen 
remained the same. This procedure was necessary so the subject became familiar with 
running on a percent grade. Subjects then went to the deep water running tank and were 
briefed about the sub-maximal DWR test, shown the deep water running technique, and 
given 10 minutes to practice DWR with the AquaJogger belt, headgear, and plastic sheet 
around the subjects neck.
Body Measurements
Height was measured to the nearest centimeter using a wall-mounted stadiometer. 
Weight was measured on the balance scale and recorded to the nearest tenth of a 
kilogram. Percentage body fat was determined from skinfolds using the Jackson and 
Pollack’s (1989) sum of four-site equation (tricep, abdomen, illium, and thigh-See 
Appendix D).
Day 2- Maximal Oxygen Uptake Treadmill Test (Runner)
Runners performed a MaxVQ2 treadmill test. MaxV02 was determined when the 
subject either requested to stop the test or there was a plateau o f oxygen uptake with an 
increase in workload. Only one subject reached a plateau of oxygen uptake. Prior to the 
test, the subject’s information was entered into Vista Turbo fit program, the HR monitor 
chest strap was moistened and fitted around the subject’s chest, and the facemask was put 
in place.
The subject performed a 3-minute warm-up, while walking on the treadmill at 3 
mph, with 0% grade. After the 3-minute warm-up, the speed increased to the chosen
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speed and treadmill grade was increased to 2.5%. Each stage was three minutes. .At each 
stage, the speed remained the same, while the grade increased by 2.5% until Ma.\V02 
was reached. Ma.\V02 was then recorded. Percent grade, HR, and RPE were recorded at 
each workload. After the subject reached MaxV02, the speed and percent grade were 
reduced. The subject performed an active cool down until their heart rate was below 110 
bpm. The headgear was removed while the subject performed the cool down.
Day 2 - Cycle Ergometry Maximal Oxygen Uptake Test (Swimmers) 
Swimmers performed MaxV02 tests on the cycle ergometer. The same open 
circuit spirometry system used in treadmill running was used with the cycle ergometer. 
Before each test, while pedaling with no resistance, the pendulum on the cycle ergometer 
was set at 0 kg. An explanation of the test and procedures o f administration of test 
procedures were given to each subject.
The metronome was set to 100 bpm and the subject was allowed to pedal for a 
minute with no load to establish the pace. The metronome set at 100 bpm allowed the 
subject’s foot at every beat to be on the down stroke of cycling, resulting in 50 
revolutions in one minute.
Before the test started, the chest strap of the Polar Beat Heart Rate Monitor was 
moistened and fitted to the subject. The subject was then fitted with the facemask as in 
the treadmill running test. The subject was instructed to point to their RPE on the RPE 
scale during the last fifteen seconds of each workload.
The initial workload used for a warm-up was set at 150 kgm/min. The subject 
pedaled at this workload for three minutes. Each stage lasted three minutes. The 
workload was adjusted accordingly to a workload guide (Appendix E). Then, the
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workload increased by 150 kgm/min every three minutes, in order to reach MaxV02.
Due to the fitness levels o f some subjects, the workload increased by 300 kgm/min in 
order to reach MaxV02 within 20 minutes. MaxV02 was determined by the same 
criteria as the TR MaxV02 test. MaxV02, MaxHR. and maximal workload were 
recorded. Workload, HR, V02, and RPE were recorded at each stage. Following 
MaxV02, the tester adjusted the resistance to zero and allowed the subject to cool down 
until the subject’s heart rate was below 110 bpm. When the heart rate was below 110 
bpm, the test was over. The subject was thanked and reminded the next test time.
60 and 75% Calculations of MaxV02 
Following the subject’s MaxV02 test. 60% and 75% of their MaxV02 
measurement were calculated. These measurements were the ones used during the study 
of submax workloads. At the closest V02 measurement to the calculated 60% and 75% 
MaxV02, without a visible spike or dip in measurement, associated heart rates were 
determined from the measurements (See Appendix F).
Day 3-60% and 75% of MaxV02 Treadmill Test (Swimmers)
At least twenty-four hours after completion o f the maximal oxygen uptake test, 
the subject performed a sub-maximal treadmill test to 60% and 75% MaxV02. The 
chosen speed was used and the grade increased every three minutes until the desired V02 
was reached. Percent grade, HR, and RPE were recorded at the pre-determined 
workloads. After the subject had reached 75% of MaxV02, the subject continued to 
exercise up to two to three minutes in order to confirm that 75% MaxV02 was reached.
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The subject then cooled-down for five minutes or until their heart rate was below 110 
bpm. The facemask was removed during the cool down. That ended the test session.
The subject was thanked for their participation and reminded o f their next test time.
Day 3 -  60% and 75% Cycle Ergometer Test (Runners)
At least twenty-four hours after completion of the maximal treadmill test, the 
subject performed a graded cycle ergometer test to 60% and 75%MaxV02. The 
metronome was set to 100 bpm and the subject was allowed to pedal for a minute with no 
load to get the pace. The metronome set at 100 bpm allowed the subject's foot at every 
beat to be on the down stroke of cycling, resulting in 50 revolutions in one minute (rpm).
The initial workload used for a warm-up was set at 150 kgm/min. The subject 
pedaled at this workload for three minutes. Depending on the results from the MaxV02 
treadmill test, the workload was adjusted accordingly (Appendix E). Each stage lasted 
three minutes. Then, the workload increased by 150 kgm every three minutes, in order to 
reach 60% and 75% o f MaxV02. Resistance, HR, and RPE were recorded at each 
workload and at the pre-determined workloads. .After the subject had reached 75% of 
MaxV02, the subject continued to exercise up to two to three minutes in order to confirm 
that 75% MaxV02 was reached. Afterwards, the tester adjusted the resistance to zero 
and allowed the subject to cool down until the subject’s heart rate was below 110 bpm. 
When the subject’s heart rate was below 110 bpm, the subject was allowed to get o ff of 
the cycle ergometer and was removed from instrumentation.
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Day 4- 60% and 75% o f MaxV02 Deep Water Running Test
At least twenty-four hours after the subject had completed the maximal oxygen 
uptake test; the subject performed a sub-maximal graded deep water running test to 60% 
and 75% MaxV02. The subject was prepared in the exact manner as the MaxV02 test. 
The subject entered the water and then the plastic sheet was fitted around the subject’s 
neck.
There was a five-minute warm-up period when the subject deep water ran at the 
cadence of 100 bpm. One beat of the metronome was when one of the subject’s knees 
reached the surface o f the water, which was 50 steps / minute. The metronome increased 
20 bpm every three minutes until the subject to reached 60% and 75% of Ma.\V02. .As 
the cadence increased, the arms and legs moved faster. After the subject had reached 
75% of MaxV02, the subject continued to exercise up to two to three minutes in order to 
confirm that 75% MaxV02 was reached. Then the subject cooled down for 5 minutes at 
a cadence of 100 bpm until their heart rate was below 110 bpm. The subject exited the 
deep water running tank, then the facemask and chest strap were removed. The subject 
was thanked for their time and participation in the study.
Testing Times
Subjects KB, JZ, MG, and GW had to be re-tested during DWR due to 
instrumental error. The re-tests occurred approximately 6 weeks after the other tests were 
performed. The extended time between tests were due to subject’s schedules and time for 
instrumental repair. Subjects DP, MK, and MR all performed the tests within four days 
with at least one day in between tests. Subjects JPB and RH were tested within one week
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with at least two days in between tests. The time between tests were due to subject 
cancellation or scheduling. Subjects SR, HN, LM. and DW were tested twenty-four 
hours apart.
Measurements
Oxygen consumption and RER were recorded every fifteen seconds during each 
mode of exercise using open-circuit spirometry. Heart rate was recorded every thirty 
seconds and when the subject reached 60% and 75% of MaxV02. RPE was recorded at 
the last minute o f each three- minute stage during exercise.
Heart Rate Selection for Analysis 
Heart rates that corresponded to the nearest V02 measurement to the calculated 
60% and 75% of MaxV02 were selected for analysis, if  there was no visible spike or dip 
within the measurements. Due to instrumental error in the open circuit spirometry system 
from a computer program screen saver, there were some noticeable spikes in some of the 
subject’s V02 measurements. The spike was disregarded as a measurement. There was 
sufficient time for the V02 measurement to level down and did not affect the recorded 
measurements that occurred at 60% and 75% of MaxV02. The goal was to select the 
V02 measurements for the group were within 2 ml/kg/min o f the calculated 60% and 
75% of MaxV02. However, three subjects’ V02 measurements were not within 2 
ml/kg/min, but ranged from 2 ml/kg/min to 3.5 ml/kg/min. Subject, MR, had a difference 
o f 2.28 ml/kg/min during DWR, JZ had a difference of 3.4 ml/kg/min and MG had a 
difference o f 3.01 ml/kg/min during MaxV02 TR tests. During the MaxV02 tests, if
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there was no recorded HR for 60% and 75% MaxV02. then the two heart rates that were 
in between 60% or 75% MaxV02 were averaged for a HR measurement. See Appendix 
H for selected V02 and HR measurements.
RPE Selection Criteria 
Since RPE was recorded at the last 30 seconds of every three-minute stage during the 
three modes of exercise, an RPE selection criteria was created. I f  the measurement 
closest to the calculated 60% and 75%MaxV02 occurred:
1) Up to 45 seconds after the reported RPE in the previous stage, that previous RPE 
was selected.
2) In between stages, the average RPE was calculated from the previous reported 
RPE and the end stage reported RPE.
3) Up to 1 minute before the end stage, used the reported RPE of that stage.
Test Forms
The subject’s data for each of the three tests were recorded on test forms, which include 
the subject’s name, number, height, weight, age, body composition, sport. V02 values, 
heart rate, RPE, and time taken to get to each workload (See Appendix G).
Analysis
Low statistical power was an issue in this study due to the low number of subjects 
and unequal sample sizes. Due to the low number o f subjects and unequal sample sizes, 
separate repeated measures ANOVA’s (RM ANOVA) and independent t-tests were used
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for data analysis; instead, o f using factorial ANOVA for the data analysis. I f  the RM 
ANOVA was significant (at least two means were different), Tukey’s Post Hoc test was 
used to determine which two means were significantly different.
Independent t-tests were used to analyze Ma.xV02’s, body weight, percent body 
fat, and height between runners and swimmers to confirm that the groups were similar. 
Separate RM ANOVA’s were used to analyze the V02 between TR, DWR, and cycling 
at 60% Ma.\V02 and at 75% MaxV02.
Data were analyzed with separate RM ANOVA’s. in runners and in swimmers, to 
analyze the HRs during TR. DWR, and cycling at 60% MaxV02 and 75% MaxV02. 
Independent t-tests were used to analyze the heart rates between runners and swimmers 
during DWR at 60% and at 75% MaxV02.
Independent t-tests were used to analyze the mean RPE between swimmers and 
runners during TR at 60%MaxVO2 and at 75% MaxV02. Independent t-tests were used 
to analyze the mean RPE between swimmers and runners during DWR at 60%Ma.\VO2 
and at 75% MaxV02. Separate RM ANOVA’s were used to analyze the RPE between 
TR, DWR, and cycling in runners at 60% MaxV02 and at 75% MaxV02. Separate RM 
ANOVA’s were used to analyze the RPE between TR, DWR, and cycling in swimmers at 
60% MaxV02 and at 75% MaxV02. The alpha level was adjusted to .025 for the 
independent t-tests comparing RPE between runners and swimmers during TR at 60% 
MaxV02 and 75% MaxV02. The alpha level was also adjusted to .025 for the 
independent t-tests comparing RPE between runners and swimmers during DWR at 60% 
MaxV02 and at 75% MaxV02.
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CHAPTER 4
RESULTS AND DISCUSSION
An overview o f this chapter was as follows. Oxygen uptake (V02). heart rate, 
and RPE were analyzed at 60% MaxV02 and 75% MaxV02. Each were presented and 
discussed separately.
Subjects Measurements
In the present study, runners and swimmers were used. To determine if  they were 
similar in fitness levels and size, the following comparisons between runners and 
swimmers were analyzed through independent t-tests.
1. MaxV02: There was no significant difference in MaxV02 between swimmers 
,and runners, so the assumption was that they were similar in physical 
fitnesslevels ( p> .05). The mean MaxV02 for runners was 56.62 ml/kg/min 
and 51.76 ml/kg/min for swimmers.
2. Anthropometrical measures of height, weight, and percent body fat;
Runners had a lower body weight (62.0 kg) compared to swimmers (77.6 kg) 
(p < .05). However, there was no difference in height (Runners: 171.5 cm.
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Swimmers: 182.6 cm) and percent body fat (Runners: 13.84%, Swimmers: 
14.96%) (p> .05). See Appendix J for statistics.
V02 at 60% MaxV02 
RM ANOVA was used to analyze the V02 between TR. DWR. and cycling at 
60% MaxV02 to determine if  there was a significant difference in V02 between those 
modes of exercise. Also, the comparison was essential to confirm that the control 
variable, V02, was consistent for all modes of exercise. The F statistic was not 
significant (F (2,24) = 1.174, p = .326). The null hypothesis, that there was no difference 
in V02 between TR, DWR, and cycling was accepted. Table 2 presents the V02 
measurements. Since the V02 levels between the modes of exercise were similar, heart 
rate comparisons could be made between the three modes o f exercise.
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Table 2 V02 for Runners and Swimmers at 60% MaxV02
Subject Code TR(V02) DWR(V02) Cycle(V02)
Name ml/kg/min ml/kg/min ml/kg/min
1 KB-R 37.14 36.53 37.00
2 JZ-R 38.93 35.33 35.86
3 MG-R 30.48 30.12 31.51
4 DP -R 38.20 37.8 35.54
5 MK-R 30.27 30.61 30.39
6 MR-R 27.77 25.56 27.99
7 JPB-R 38.70 38.84 38.28
8 RH-R 34.52 34.87 34.68
9 GW-S 29.84 31.15 28.02
10 SR-S 24.16 24.5 23.32
11 HN-S 35.08 34.26 35.71
12 LM-S 34.58 33.08 32.69
13 DW-S 33.71 34.78 35.00
Mean 33.34 32.88 32.77
SD 4.56 4.36 4.33
V02 at 75% MaxV02 
RM ANOVA was used to analyze the V02 between TR, DWR, and cycling at 
75% MaxV02 to determine if  there was a significant difference in V02 between those 
modes of exercise. The F statistic was not significant (F (2,24) = .571, p = .386). The 
research hypothesis, there was no difference in V02 between TR, DWR, and cycling was 
accepted. The null hypothesis, there was no difference in V02 between TR. DWR, and 
cycling at 75% MaxV02 was supported. Since the V02 levels between the modes of 
exercise were similar, heart rate comparisons can be made between the three modes of 
exercise (Table 3).
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Table 3 V02 for Runners and Swimmers at 75% MaxV02
Subject Code TR(V02) DWR(V02) Cycle(V02)
Name ml/kg/min ml/kg/min ml/kg/min
1 KB-R 45.75 45.65 46.20
2 JZ-R 44.10 43.77 45.24
3 M G -R 40.59 37.74 38.11
4 DP-R 46.87 46.97 47.10
5 MK-R 38.55 37.06 38.63
6 MR-R 34.49 34.67 35.50
7 JPB-R 48.89 47.94 47.52
8 RH — R 43.63 43.02 42.44
9 GW-S 36.06 37.83 38.84
10 SR-S 31.29 31.00 30.88
11 HN-S 42.45 42.95 42.53
12 LM -S 40.05 40.37 41.16
13 DW-S 42.55 42.23 42.22
Mean 41.17 40.86 41.26
SD 5.07 4.99 4.84
V02 Discussion 
The following were the hypotheses for V02:
1) There was no difference in V02 between treadmill running, deep water 
running, and cycling at 60% MaxV02: Accept
2) There was no difference in V02 between treadmill running, deep water 
running, and cycling at 75% MaxV02: Accept
Since the V02 levels between the modes o f exercise were similar, heart rate 
comparisons can be made between the three modes of exercise
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Heart Rate at 60 % of Max V02
RM ANOVA was used to analyze the heart rates of runners during TR, DWR. and 
cycling to determine if  there was a significant difference in heart rate between those 
modes of exercise. The F statistic was not significant (F (2, 14) = 1.543, p = .248). The 
null hypothesis, there was no difference in heart rates between TR, DWR. and cycling, 
was accepted.
RM ANOVA was also used to analyze the heart rates o f swimmers during the 
three modes of exercise to determine if  there was a significant difference in mean heart 
rates between the modes of exercise. The F statistic was also not significant (F (2.8) = 
4.247, p = .055). The null hypothesis, there was no difference in heart rates between TR, 
DWR, and cycling, was accepted. The mean heart rates for runners and swimmers 
during TR, DWR, and cycling are shown in Table 3.
An independent t-test was used to analyze the mean heart rates between 
swimmers and runners during DWR. The independent t-test was significant (t = -2.247, p 
= .044). The research hypothesis, which stated that there was no difference in mean heart 
rates between runners and swimmers during DWR, was rejected. Swimmers had 
significantly lower heart rates during DWR compared to runners (Table 4).
Table 4 Mean Heart Rates for Swimmers and Runners at 60% of Max V02 during 
Treadmill Running, DWR, and Cycling
Swimmers (bpm) Runners (bpm)
Mode TR DWR Cycle TR DWR Cycle
Mean HR 148 129* 144 150 143 153
SD 13.61 11.69 8.08 5.34 14.05 8.65
N 5 5 5 8 8 8
•Swimmers had lower heart rates than runners during DWR, p < .05. 
There was no difference in heart rates for runners and swimmers, p > .05.
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Heart Rate at 75 % of Max V02
A similar analysis for heart rates was done for 75% MaxV02. RM ANOVA was 
used to analyze the heart rates of runners during TR, DWR. and cycling to determine if  
there was a significant difference in mean heart rates between those modes of exercise. 
The F statistic was not significant (F (2,14) = 3.220, p = .071). The null hypothesis, 
which stated there was no difference in heart rates between TR, DWR, and cycling, was 
accepted.
RM ANOVA was also used to analyze the heart rates of swimmers during the 
three modes o f exercise to determine if  there was a significant difference in heart rates. 
The F statistic was significant (F (2,8) = 6.791, p = .019). The null hypothesis, which 
stated, there was no difference in heart rates between TR, DWR. and cycling, was 
therefore rejected. Tukey’s test revealed that the mean heart rates for DWR were 
significantly lower compared to TR and cycling (Table 5).
An independent t-test was used to analyze the mean heart rates between 
swimmers and runners during DWR. The independent t-test was significant (t = -3.207. p 
=.008). The null hypothesis, which stated there was no difference in mean heart rates 
between runners and swimmers during DWR, was rejected. Swimmers had significantly 
lower heart rates during DWR compared to runners (Table 5).
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Table 5 Mean Heart Rates for Swimmers and Runners at 75% of Max V02 during 
Treadmill Running, DWR, and Cycling
Swimmers (bpm) Runners (bpm)
Mode TR DWR Cycle TR DWR 1 Cycle
Mean 165 143* 160 167 158 ! 169
SD 15.17 8.92 3.96 8.73 12.63 i  5.01
N 5 5 5 8 8 i  8
•Hean rate values for swimmers were significantly lower in DWR compared to TR and cycling. p< .05. 
• Heart rate values for swimmers during DWR were lower compared to runners during DWR. p < .05.
Figure 4, illustrates the heart rates for swimmers and runners across modes of 
exercise for both 60%MaxVO2 and 75% MaxV02, with standard error bars. ). Figure 5, 
illustrates the heart rates for runners and swimmers during DWR at 60%MaxVO2 and 
75% MaxV02.
Figure 4. Mean Heart Rates for swimmers and runners during TR, DWR, and 
Cycling at 60% MaxV02 and 75% Ma.\V02
Heart Rates for Swimmers and Runners
□ TR 
QDWR
□  Cycle
60%Max(S) 60%Max(R) 75%Max(S) 75%Max(R)
Workloads
•  Heart rale during DWR at 75% Max for swimmers was significantly lower compared to TR and cycling, 
p < .05.
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Figure 5. Mean Heart Rates for swimmers and runners during DWR at 
60%MaxVO2 and 75% MaxV02
Heart Rates during DWR
180 -
160 -
_  140 -
m 100
K  80
□  S w im m ers
□  Runners
60% UaxV02 75% MaxV02 
Workload
•Heart rates for swimmers were significantly lower during DWR at 60% and 75%MaxV02. 
p<.05.
Heart Rate Discussion
The hypothesis for HR are listed below, the number represents the number 
presented in Chapter 1 :
3) There was no difference in heart rates for runners during deep water running, 
treadmill running, and cycling at 60% MaxV02: Accept
4) There was no difference in heart rates for runners during deep water running, 
treadmill running, and cycling at 75% MaxV02: Accept
5) There was no difference in heart rates for swimmers during deep water 
running, treadmill running, and cycling at 60% MaxV02: Accept
6) There was no difference in heart rates for swimmers during deep water 
running, treadmill running, and cycling at 60% MaxV02: Reject
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7) There was no difference in heart rates between runners and swimmers during 
DWR at 60% MaxV02: Reject
8) There was no difference in heart rates between runners and swimmers during 
DWR at 75% MaxV02: Reject
At both intensities, there was no significant difference (p > .05) in runners’ heart 
rates between TR, DWR, and cycling. These results did support the null hypotheses that 
there was no significant difference in heart rates between TR, DWR, and cycling at 60% 
MaxV02 and 75%MaxV02. These results were similar to the results found by Michaud 
et al (1995), Mercer and Jensen (1998), and DeMeare and Ruby (2000). Although not 
significant, there was a trend toward lower heart rates during DWR compared to TR 
within the running group. Six of the eight runners showed a trend of lower heart rates 
during DWR compared to TR. See Table 6 for runners who had lower heart rates during 
DWR compared to TR.
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Table 6 Runners Heart Rates during TR compared to DWR at 60%MaxVO2 and 
75% MaxV02
Subject TR 60% V02 
HR (bpm)
DWR60%VO2 
HR (bpm)
TR 75% V02 
HR (bpm)
DWR 75%V02 
HR (bpm)
KB 154 126 160 137
JZ 146 137 163 164
MG 153 122 163 145
MK 156 148 183 165
MR 154 152 173 156
RH 145 133 171 155
Michaud et a! (1995), Mercer and Jensen (1998), and DeMeare and Ruby (2000) 
only used runners and non-runners, which agreed with the results found in this study 
within the running group. In this study, at both intensities, there was no significant 
difference in heart rates between TR and DWR in runners. Also, no difference in heart 
rates between TR and DWR tends to indicate that in runners the HR and V02 
relationship is similar during TR and DWR. Training intensity could be prescribed 
according to heart rate from land running.
However swimmers that were tested in the present study, at 60% MaxV02, had 
no significant difference in heart rates between the three modes of exercise (p > .05). 
These results supported the null hypothesis, which stated that at 60% MaxV02, there was 
no significant difference in heart rates between TR, DWR, and cycling. However, at 75% 
swimmers, there was a significant difference (p< .05) in heart rates between the three
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modes of exercise. Swimmers had significantly lower heart rates during DWR when 
compared to TR and cycling. These did not support the null hypothesis that at 75% 
MaxV02. there was no significant difference in heart rates between TR. DWR. and 
cycling. At both intensities, swimmers had lower heart rates compared to runners during 
DWR. These results did not support the null hypotheses: there was no difference in heart 
rates between swimmers and runners during DWR at both intensities.
One of the swimmers did not follow the pattern of other swimmers and was 
considered an outlier in the data analysis. This subject had a very large difference in heart 
rates between DWR and TR. At 60% MaxV02, the heart rate during DWR was 124 bpm 
compared to TR which was 170 bpm. At 75% MaxV02, the same subject had a heart 
rate during DWR of 136 bpm and during TR was 190 bpm. The subject was re-tested in 
DWR and the heart rates from the first test were 120 bpm at 60%MaxVO2 and 130 bpm 
at 75%maxV02. This subject qualified for the Olympics as a. Freestyle sprinter, which 
might explain his low heart rate during DWR. Whether the subject was dropped or kept 
in the analysis did not change the results observed at 60%MaxVO2 and 75% MaxV02. 
Therefore, the subject did not influence the analysis.
Discussion o f the physiology of the heart and circulation during exercise helps 
explain the heart rate changes during the three modes o f exercise (TR, DWR, and 
cycling). Stroke volume is the amount of blood pumped by the heart per beat (Powers 
and Howley, 1990). Heart rate is the number of times the heart beats, per minute.
Cardiac output is the product of the stroke volume and heart rate and is the amount of 
blood pumped by the heart in one minute (minute volume). (Powers and Howley, 1990). 
Cardiac output can be increased either by increasing the heart rate, stroke volume, or
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both. During exercise in the upright position (e.g., running, cycling etc.) the increase in 
cardiac output is usually due to both an increase in heart rate and stroke volume (Powers 
and Howley, 1990). Stroke volume increases up to about 40% MaxV02 and then 
plateaus (Powers and Howley, 1990). Therefore, at workloads greater than 40% 
MaxV02, the rise in cardiac output is typically due to an increased heart rate (Powers and 
Howley, 1990).
During exercise the cardiac output must increase to supply the higher demand for 
oxygen for the skeletal muscle (Powers and Howley, 1990). Arterial venous oxygen 
difference (AV02 difference) represents the amount of Oi per 100 ml of blood that is 
unloaded at the tissue level (Powers and Howley, 1990). An increase in AV02 
difference during exercise is due to a greater need for Oi by the working muscle, which 
in turn increase the amount of Oi picked up in the lungs (V02). The increased 0 : for the 
oxidative production and ATP for the skeletal muscle (Powers and Howley, 1990). 
Powers and Howley (1990) defines the Pick equation as the relationship between cardiac 
output, AV02 difference, and oxygen uptake and is written as;
V02 = Cardiac output X (AV02 difference) /100 
An increase in either cardiac output or AV02 difference increases V02.
Dixon and Faulkner (1971) and Holmer et al. (1974) have shown that for a given 
cardiorespiratory fitness intensity, well-trained swimmers have a lower exercise heart rate 
in water than working at the same intensities on land. They hypothesized that the lower 
heart rates were due to an increased stroke volume and because of being weightless. 
Nadel et al. (1974) added that a cooler temperature and better heat dissipation in water 
might account for heart rates in the water when compared to land exercise. Holmer et al.
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(1979) proposed that the differences in muscle mass used in swimming and running 
accounts for lower heart rates while swimming, even though swimming uses more 
muscle mass than running.
Swimmers in this study had lower heart rates during DWR compared to runners at 
both intensities. There was no significant difference in runners and swimmers Ma.\V02, 
p > .05. A possible explanation for the lower heart rates found in swimmers may be due 
to their training in the water. Franke and Taylor (1995) investigated if  swimming or 
running affects the hemodynamic responses to lower body negative pressure. They 
measured the effect of lower body negative pressure on systolic and diastolic blood 
pressures, pulse pressure, mean arterial pressure, forearm blood flow, stroke volume, 
heart rate, and cardiac output. Franke and Taylor (1995) had female runners and 
swimmers perform a maximal oxygen uptake test using an arm and leg cycle ergometer. 
After 48 hours, the hemodynamic responses to lower body negative pressure was 
measured. The subjects lay supine, sealed at waist level, in a lower body negative 
pressure chamber. Subjects received consecutive 2-minute exposures of lower body 
negative pressure at -1.3, -2.7, and -5.3 ambient barometric pressure (kPa) and was 
performed four times. Negative pressures were induced using a vacuum measured by a 
mercury barometer inside the chamber. To ensure that each subject did not increase 
lower extremity muscle tension during the application o f the lower body negative 
pressures, gross electromyography activity o f the right quadriceps was monitored 
continuously.
The major finding by Frank and Taylor (1995) was that runners or swimmers who 
trained with different exercise modes have differing cardiovascular responses to
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baroreceptor challenges, which are pressure receptors that are sensitive to arterial blood 
pressure. At lower body negative body pressure, swimmers had a lower heart rate, higher 
stroke volume, and higher cardiac output compared to runners from the central 
hemodynamic responses to baroreceptor unloading. They concluded that the difference 
in hemodynamic responses between swimmers and runners at lower body negative 
pressures were due to the influence of training in either running or swimming.
In this study, 60% MaxV02 and 75% MaxV02 measurements were consistent for 
each subject during each mode of exercise (See Appendix H). Since V02 was controlled 
for each subject and heart rate was measured at those V02 measurements, then stroke 
volume and/or AV02 difference must contribute to the difference in heart rate found in 
swimmers between TR and DWR at 75% MaxV02. Presently it is not known if  stroke 
volume or AV02 difference or both change during DWR compared to TR. Stroke 
volume may increase during DWR due to the increase in central blood volume, central 
venous pressure, and therefore preload the blood pumped into the heart (Sheldahl et al., 
1987). The increase in central blood volume can be due to the increase in hydrostatic 
pressure in the water. Since cardiac output, AV02 difference, or stroke volume have not 
yet been measured during supported DWR and TR, this cannot be conclusively reasoned 
to be the cause of lower heart rates during DWR for swimmers.
One study did measure cardiac output during unsupported DWR. Yamaji et al. 
(1990) compared the relationship between HR and oxygen uptake during treadmill 
running and unsupported DWR. They measured cardiac output during both treadmill 
running and DWR. At submaximal oxygen uptakes, cardiac output did not significantly 
differ (p> .05).
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Although only one study measured cardiac output during DWR, Arborelius et al 
(1972) studied cardiac output and stroke volume during resting water immersion at 35 
degrees Celsius compared with resting values not immersed. Cardiac output increased by 
32% upon immersion. They concluded that the increase in cardiac output was the result 
of a 35% increase in stroke volume, which was due to improved diastolic filling since the 
heart rate did not change. They concluded that immersion caused a greater blood shift in 
the thorax and the central venous pressure at the midthorax level increased by 15 cm. The 
pressure increase observed was caused by the shift o f 0.7 L of blood into the thorax, 
which would indicate a lower distensibility of its vascular bed. This resulted in the 
improved diastolic filling resulting in an increase in stroke volume and cardiac output 
with an unchanged heart rate. It has not been shown that stroke volume or cardiac output 
does increase during supported DWR.
Svendenhag and Seger (1992) was the only study that found lower heart rates 
during DWR compared to TR at the similar oxygen uptakes in runners. They measured 
oxygen consumption at four submaximal heart rates during treadmill running and deep 
water running. They also matched submaximal oxygen uptakes throughout different 
modes of exercise and compared those heart rates. They found that HR for a given 
submaximal V02 was significantly lower during DWR than treadmill running.
In contrast, three studies by Michaud et al. (1995), Mercer and Jensen (1998), and 
DeMeare and Ruby (2000) reported that at equivalent submaximal oxygen uptakes heart 
rates between treadmill running and DWR did not differ. Runners in the present study 
followed similar results reported by Michaud et al. (1995), Mercer and Jensen (1998), 
and DeMeare and Ruby (2000). A possible explanation for the difference in heart rates
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found by Svendenhag and Seger (1992) could have been the temperature of the water, 
which was 25 degrees Celsius in Svendenhag and Seger (1992) compared with 29 
degrees Celsius in the present study.
McCardle et al. (1976) compared heart rates at different temperatures in the water 
while cycling on an underwater, stationary cycle ergometer. They reported HR was 
lower during cycling in water temperature o f 18 and 25 degrees Celsius, than in water of 
33 degrees Celsius. Michaud et al. (1995), Mercer and Jensen (1998), and DeMeare and 
Ruby (2000) used water temperatures ranging from 26.9 to 30 degrees Celsius and found 
no difference in heart rates between treadmill running and DWR. The temperature of the 
water in the present study was kept at a constant 29 degrees Celsius. Therefore, the 
temperature of the water should not have affected the heart rates during DWR.
Michaud et al. (1995), Svendenhag and Seger (1992), and DeMeare and Ruby 
(2000), used male long distance runners. In contrast, this study used male and female 
runners, as well as male and female swimmers. At both intensities, the running group in 
this study did not have significantly lower heart rates during DWR compared to treadmill 
running and cycling (p > .05). These results are similar to Michaud et al., (1995) and 
DeMeare and Ruby (2000).
No other study that compared heart rates between treadmill running and DWR 
used NCAA Division I swimmers as their subjects. At 75% MaxV02, swimmers had 
significantly lower heart rates during DWR compared to treadmill running and cycling. 
At 75% o f MaxV02 the heart rates were 22 bpm lower during DWR compared to 
treadmill running (See Table 5).
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Swimmers may need to adjust their training intensity during DWR compared to 
land exercise, since Dixon and Faulkner (1971) and Holmer et al. ( 1974) have shown that 
swimmers have lower exercise heart rates in the water compared to land. However, 
swimmers were measured in the prone position and DWR is performed in an upright 
position. More research is needed to compare the effects of body position in the water on 
heart rate, stroke volume, cardiac output, and AV02 difference.
Ratings of Perceived Exertion 
RPEat60%ofMaxVO2
Independent t-tests were used to determine if  the difference in RPE between 
runners and swimmers during DWR and during TR. The alpha level was adjusted to .025 
(.05/2 = .025). The independent t-test comparing the RPE of runners and swimmers 
during DWR was not significant (t= -.528, p = .608). The null hypothesis, which stated, 
there was no difference in RPE between swimmers and runners during DWR, was 
therefore accepted (Runners 13.38, Swimmer 14.20).
The independent t-test comparing the RPE of runners to swimmers during TR was 
also not significant (t= -2.15, p = .055). The null hypothesis, which stated, there was no 
difference in RPE between swimmers and runners during TR, was therefore accepted 
(Runners 9.38, swimmers 12.40).
RM ANOVA was used to analyze the RPE of runners during TR, DWR, and 
cycling to determine if  there was a significant difference in RPE between those modes of 
exercise. The F statistic was significant (F (2,14) = 15.447, p = .000). Therefore the null 
hypothesis, which stated, there was no difference in RPE between TR, DWR, and
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cycling, was rejected. Tukey’s test revealed that runners had a significantly lower RPE 
during TR compared to DWR and cycling (p < .05). There was no significant difference 
(p > .05) in the mean RPE elicited by DWR and cycling.
A RM ANOVA was used to analyze the mean RPE of swimmers during TR. 
DWR, and cycling to determine if  there was a significant difference in RPE between 
those modes of exercise. The F statistic was not significant (F (2, 8)= 1.167, p = .359). 
Therefore, the null hypothesis, which stated, there was no difference in RPE between TR, 
DWR, and cycling, was accepted. The mean RPE for swimmers and runners during TR, 
DWR, and cycling are shown in Table 7.
Table 7 RPE at 60% of MaxV02 in Swimmers and Runners Across Modes of
Exercise
Swimmer Runner
Event TR DWR Cycle TR DWR Cycle
Mean 12.40 14.20 13.20 9.38* 13.38 13.50
SD 2.70 2.28 1.64 2.33 2.97 1.31
N 5 5 5 8 8 8
• Runners RPE during TR was significantly lower compared to DWR and cycling, p< .05. 
*No difTerence in RPE between runners and swimmers during TR and DWR. p > .05.
RPE at 75% of MaxV02 
Independent t-tests were used to determine if  there was a significant difference in 
RPE between runners and swimmers during DWR and during TR. The alpha level was 
adjusted to .025. The independent t-test comparing the mean RPE of runners to 
swimmers during DWR was not significant (t= .399, p = .698). Therefore, the null 
hypothesis, which stated, there was no difference in RPE between swimmers and runners 
during DWR, was accepted (Runners 16.75, Swimmers 16.20).
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The independent t-test comparing the mean RPE of runners to swimmers during 
TR was significant (t= -2.61, p = .024). Therefore the null hypothesis, which stated, there 
was no difference in RPE between swimmers and runners during TR, was rejected. There 
was a significant difference in RPE between runners and swimmers during TR (Runners 
12.0, Swimmers 15.40). Runners had a lower RPE during TR compared to swimmers.
RM ANOVA was used to analyze the RPE of runners during TR, DWR, and 
cycling to determine i f  there was a significant difference in RPE between those modes of 
exercise. The F statistic was significant (F (2,14) = 23.965, p = .000). Since there was 
significance and the null hypothesis stated there was no difference, the null hypothesis 
was rejected. Tukey’s test revealed that runners had a significantly lower mean RPE 
during TR compared to DWR and to cycling (p< .05). There was no significant 
difference (p > .05) in the mean RPE elicited by DWR and cycling.
RM ANOVA was used to analyze the RPE of swimmers during TR, DWR, and 
cycling to determine if  there was a significant difference in mean RPE between those 
modes of exercise. The F statistic was not significant (F (2,8) = .675, p = .536). The 
null hypothesis, which stated, there was no difference in RPE between TR, DWR, and 
cycling, was accepted. The mean RPE for runners and swimmers during TR, DWR, and 
cycling are shown in Table 8.
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Table 8 RPE at 75% of MaxV02 in Swimmers and Runners Across Modes of 
Exercise
Swimmer Runner
Event TR DWR Cycle TR DWR Cvcle
Mean 15.40 16.20 15.60 12.00* 16.75 15.50
SD 2.51 1.64 1.52 2.14 2.76 1.51
N 5 5 5 8 8 8
♦Runners had a significantly lower RPE during TR compared to DWR and cycling, p < .05.
RPE Discussion
The following are the hypotheses for RPE. The number represented the number 
of the hypothesis listed in Chapter 1 :
9) There was no difference in RPE between runners and swimmers during DWR 
at 60% MaxV02: Accept
10) There was no difference in RPE between runners and swimmers during 
DWR at 75% MaxV02: Accept
11) There was no difference in RPE between runners and swimmers during 
treadmill running at 60% MaxV02: Accept
12) There was no difference in RPE between runners and swimmers during 
treadmill running at 75% MaxV02: Reject
13) There was no difference in RPE between treadmill running, DWR, and 
cycling in runners at 60% MaxV02: Reject
14) There was no difference in RPE between treadmill running, DWR, and 
cycling in runners at 75% MaxV02: Reject
15) There was no difference in RPE between treadmill running, DWR, and 
cycling in swimmers at 60% MaxV02: Accept
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16) There was no difference in RPE between treadmill running. DWR, and 
cycling in swimmers at 60% MaxV02: Accept
At 60%MaxVO2, the RPE for swimmers did not significantly differ from the RPE 
of runners during TR and DWR (p > .05). These results did not support the research 
hypotheses at 60% MaxV02: there was a significant difference in RPE between runners 
and swimmers during TR and DWR. At 75% MaxV02, the RPE for runners and 
swimmers during DWR was not significant (p > .05). These results did not support the 
research hypothesis: at 75% MaxV02, there was a difference in RPE between runners 
and swimmers during DWR. However, the RPE for runners and swimmers during TR 
was significant (p < .05). Runners yielded a significantly lower RPE during TR 
compared to swimmers at 75% MaxV02. These results supported the research 
hypothesis at 75% MaxV02: there was a significant difference in RPE between runners 
and swimmers during TR.
At both intensities, runners yielded a significantly lower (p< .05) RPE during TR 
compared to DWR and cycling. These results are in agreement with results observed by 
Svendenhag and Seger (1992) and Michaud et al (1995). Svendenhag and Seger (1992) 
and Michaud et al (1995) found that, runners, at similar submaximal oxygen uptakes, 
yielded a higher RPE during deep water running compared to treadmill running. Since 
this study included cycling, the RPE for deep water running and cycling were also 
comparable. However, the RPE during DWR and cycling were higher than treadmill 
running.
The RPE analysis for runners at 60% MaxV02 might be skewed because one of 
the runners reported a RPE of 6 and another runners reported a RPE of 7 at 60%
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MaxV02. Even though the RPE scale was explained to them that 6 meant minimal 
exertion, they reported RPE’s of 6 and 7 during the second stage o f their TRMaxV02 
test. They both reached 60%MaxVO2 within the fourth minute of testing, which 
occurred at the second stage. Their recorded RPE at the second stage was 6 and 7. Their 
MaxV02’s were 59.21 and 61.06 ml/kg/min. The subject who had a MaxV02 of 59.21 
ml/kg/min reached a plateau in V02 and her max RPE was 15. The subject who had a 
MaxV02 of 61.06 ml/kg/min had a max RPE of 14. They are both elite cross-country 
runners who chose a comfortable speed o f 7.7mph and 8.2 mph. Since their training 
consists of running on the treadmill, their familiarity of running might have affected their 
interpretation of the RPE scale during the TR MaxV02 tests. The subjects may have 
misinterpreted the RPE scale since their RPE was a 6 and a 7 at 60% MaxV02.
Svendenhag and Seger (1992) explained that the higher mean RPE found in deep 
water running compared to treadmill running was also compatible with the higher mean 
respiratory exchange ratio (RER) during submaximal DWR compared to treadmill 
running. Runners in this study had a higher mean RER during DWR compared to 
treadmill running. Furthermore, the higher mean RER in DWR may explain the higher 
RPE during DWR compared to treadmill running.
Runners in this study were more familiar with running on the treadmill, which 
may explain the lower RPE during treadmill running. Cycling may have yielded a higher 
RPE because it requires more muscle activation in the lower body compared to treadmill 
running. Also, cycling yielded the highest RER for runners compared to treadmill 
running and DWR. which is a higher anaerobic metabolism.
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Swimmers were familiar with the water and their training also required land based 
running, which may explain the lack of difference in RPE between TR, DWR, and 
cycling. This may explain the same RPE between DWR and treadmill running. 
Furthermore, cycling is non-weight bearing, which is compatible to DWR. which can 
explain the lack of difference in RPE between DWR and cycling.
Summary
Eight male and female runners and five male and female swimmers performed 
maximal oxygen uptake tests in either treadmill running (runners) or cycling (swimmers). 
Runners participated in maximal oxygen uptake treadmill running tests and submaximal 
DWR and cycling tests. Swimmers participated in maximal oxygen uptake cycle 
ergometer tests and submaximal DWR and treadmill running tests. In this study at each 
testing session, instrumentation and submaximal oxygen uptake measurements were 
controlled. Instrumentation was the same for each subject and each mode of exercise. The 
facemask and heart rate monitor were properly fitted to the subject for each mode of 
exercise. Calculations of 60% and 75% of maxV02 were made and used for the 
submaximal measurements. Heart rates and ratings o f perceived exertion were measured 
and recorded at 60 and 75% MaxV02.
There was no difference in MaxV02 (ml/kg/min), height (cm), and percent body 
fat between runners and swimmers. However, runners had a lower body weight 
compared to swimmers. The V02 measurements at 60% and 75% MaxV02 were within 
2 ml/kg/min between TR, DWR, and cycling. Except at 60% MaxV02, three subjects 
V02’s had a range from 2 ml/kg/min to 3.5 ml/kg/min between the three modes of
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exercise. At 75% MaxV02. two subjects V02’s ranged between 2 ml/kg/min to 3 
ml/kg/min.
Runners RM ANOVA’s at 60% MaxV02 and 75%MaxV02, showed that the 
mean heart rates during TR, DWR, and cycling, were not significantly different. There 
was no significant difference in mean heart rates for runners between TR and DWR at 
60% of MaxV02 and 75% MaxV02. These results supported the research hypotheses at 
60%MaxVO2 and 75% MaxV02: there was no difference in heart rates between TR, 
DWR, and cycling. Within the running group, these results were similar to results found 
by Michaud et al., ( 1995), Mercer and Jensen (1998), and DeMeare and Ruby (2000): in 
runners, there was no difference in heart rates at similar oxygen uptakes. In contrast, 
Svendenhag and Seger (1992) found runners had lower heart rates during DWR 
compared to TR at the similar oxygen uptakes.
Swimmers RM ANOVA at 60% MaxV02, showed that the mean heart rates 
during TR, DWR, and cycling were not significantly different. These results supported 
the research hypothesis that the heart rates were not different between TR, DWR, and 
cycling. However, the RM ANOVA at 75% MaxV02 revealed that swimmers had 
significantly lower heart rates during DWR compared to TR and to cycling. At 75% of 
MaxV02 the difference in mean heart rates between DWR and TR was 22 bpm. These 
results did not support the research hypothesis that the heart rates were different between 
TR, DWR, and cycling. No studies reported have used swimmers as subjects during 
supported DWR. Dixon and Faulkner (1971) and Holmer (1974) have shown that 
swimmers have lower exercise heart rates in the water compared to land.
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At both intensities, swimmers had lower heart rates compared to runners during 
DWR. These results supported the research hypotheses at 60%MaxVO2 and 75% 
MaxV02: there was a difference in heart rate between runners and swimmers during 
DWR.
The ratings of perceived exertion were not different between runners and 
swimmers during treadmill running and deep water running at 60% MaxV02. These 
results supported the hypotheses at 60% MaxV02: there was no significant difference in 
RPE between runners and swimmers during TR and during DWR. At 75% MaxV02, 
there was a significant difference in RPE between runners and swimmers during TR and 
DWR. Runners had a lower RPE during treadmill running compared to swimmers.
These results did not support the hypotheses at 75% MaxV02: there was no significant 
difference in RPE between runners and swimmers during TR and during DWR.
At both intensities, runners had a lower RPE during TR compared to DWR and 
cycling. These results did not support the hypotheses at 60%MaxVO2 and 75% 
MaxV02: there was no difference in RPE between TR, DWR, and cycling. At both 
intensities, swimmers had no difference in RPE between TR, DWR, and cycling. These 
results supported the hypotheses at 60%MaxVO2 and 75% MaxV02: there was no 
difference in RPE between TR, DWR, and cycling.
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CHAPTER 5
SUMMARY, CONCLUSIONS, RECOMMENDATIONS 
Summary
Running or jogging is a widely used mode of exercise for many individuals.
Since running is a weight bearing activity and it is often done on hard surfaces, it can be 
orthopedically stressful. An individual running several days a week puts considerable 
stress on the joints and muscles of the lower extremity.
A major concern o f most running enthusiasts is avoiding injury while maintaining 
a high level of training. Since the principle of specificity in training is believed to be 
important, an injured runner tends to resist using another form of maintaining fitness (e.g. 
swimming and cycling). Specificity has shown that the greatest gains in aerobic capacity 
occur when testing and training modalities are the same (McArdle et al, 1978), therefore 
DWR has become a common and popular alternate training technique used by injured 
runners.
During DWR, a flotation device is used to keep the individual in a vertical 
position with the head above the water and the running arm and leg movements are done 
underwater. Since the individual is weightless, impact with the ground is eliminated and 
lower extremity injuries are not exacerbated. As in many training modalities, DWR uses
81
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heart rate (HR) to determine exercise intensity. Increasing the running movement o f the 
legs and arms increases HR and hence, intensity.
Since DWR uses arms and leg movements similar to running, it may be used as a 
training modality for runners. (Eyestone et al, 1993; Michaud et al, 1995). Studies have 
shown that DWR, when performed with adequate intensity, results in a cardiorespiratory 
training effect and can maintain cardiorespiratory fitness (Brennen and Wilder, 1996).
Studies have not conclusively determined whether the HR during water exercise 
and land exercise is the same when the workloads are the identical. Svendenhag and 
Seger (1992) and Ritchie and Hopkins (1991) reported during submaximal exercise at a 
given V02, the HR was lower in DWR than during treadmill running. In contrast, 
Michaud et al. ( 1995), DeMeare and Ruby (2000), and Mercer and Jensen ( 1998) 
reported no significant difference in HR between DWR and treadmill running at 
equivalent V02’s. More research is needed to determine whether HR’s during water 
exercise are the same or different from the HR’s during land execise when the workloads 
are identical.
In addition, studies to date have only used runners. There is no research 
comparing the HR responses of swimmers working on land and in the water. Familiarity 
with the water with swimmers may yield a lower rating of perceived exertion (RPE) and 
possibly a lower exercise HR during work. This study compared heart rates in runners 
and swimmers during three modes of exercise: treadmill running, cycling, and DWR 
performed at two different intensities: 60% MaxV02 and 75% MaxV02. In addition to 
HR’s, it also compared the RPE of runners and swimmers during treadmill running and 
deep water running at the two different intensities.
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Thirteen subjects volunteered for this study: three male and two female college 
swimmers and four female and four male runners. Maximal oxygen uptake was 
determined for all subjects: the runners performed their maximal oxygen uptake test on 
the treadmill and swimmers performed on the cycle ergometer. Sixty and seventy-five 
percent of their MaxV02 values were used in this study as the submaximal workloads 
and heart rates were recorded when those measurement were reached.
To determine if  the runners and swimmers were similar in fitness levels and 
anthropometrical comparisons for MaxV02, body weight, percent body fat, and height 
were made between runners and swimmers. The only difference between runners and 
swimmers was that runners had a lower body weight than swimmers. Therefore, the two 
groups appeared to be similar. The V02’s were not different between TR, DWR, and 
cycling at 60% MaxV02 and at 75% MaxV02.
Comparisons were made between the heart rates in runners and swimmers during 
DWR, treadmill running, and cycling at 60% Ma.\V02 and 75% MaxV02. In addition, 
the RPE during DWR and TR between runners and swimmers were compared at 60% 
MaxV02 and 75% MaxV02. At the two intensities, mean heart rates and mean RPE 
were statistically analyzed by using repeated measures ANOVA’s to compare first the 
runners and then the swimmers mean heart rates between TR, DWR, and cycling, and 
also, runners and swimmers mean RPE between TR, DWR, and cycling. At the two 
intensities, independent t-tests were used to compare swimmers and runners mean heart 
rates and mean RPE values during DWR.
In this study, the difference in mean heart rates for runners between TR and DWR 
at 60% of MaxV02 was 7 bpm and at 75% of MaxV02 was 9 bpm. Runners at 60%
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MaxV02 and 75% MaxV02, had no significant difference in HR between TR and DWR 
(p> .05). Results from this study, for runners, were in agreement with three other studies 
that there was no difference in HRs between TR and DWR (Michaud et al.. (1995). 
Mercer and Jensen (1998), and DeMeare and Ruby (2000)). These studies used elite 
runners and men and women as their subjects DWR. However, Svendenhag and Seger 
(1992) found that runners had a lower heart rate during DWR compared to TR at similar 
oxygen uptakes.
At 60% MaxV02, there was no significant difference in swimmers’ mean heart 
rates between the three modes of exercise (p>.05), but at 75%MaxV02. there was a 
significant difference (p< .05) in swimmers’ mean heart rates between TR, DWR. and 
cycling. Swimmers had significantly lower heart rates during DWR compared to TR and 
cycling. The difference in mean heart rates between TR and DWR was 22 bpm. At 60% 
and 75% of MaxV02, swimmers’ heart rates were significantly lower during DWR when 
compared runners. No other studies have used swimmers as subjects during DWR 
studies.
At 60% MaxV02, there was no difference in HRs between TR, DWR. and 
cycling in both swimmers and runners. At 60% MaxV02, the results did supported the 
research hypotheses: there was no difference in heart rates for runners and for swimmers 
during TR, DWR, and cycling. At 75% MaxV02, there was no difference in runners 
HRs between TR, DWR, and cycling. At 75% MaxV02, the results supported the 
research hypothesis: there was no difference in heart rates for runners during TR, DWR, 
and cycling. At 75% MaxV02, swimmers had a lower HR during DWR compared to 
TR and cycling. At 75% MaxV02, the results did not support the research hypothesis:
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there was no difference in heart rates for swimmers during TR. DWR. and cycling, since 
swimmers heart rates were lower during DWR compared to TR and cycling.
At 60%Ma.\VO2, the mean RPE for swimmers did not significantly differ from 
the mean RPE of runners during TR and DWR (p >.05). These results supported the 
research hypotheses at 60% MaxV02: there was no significant difference in RPE 
between runners and swimmers during TR and during DWR. At 75% MaxV02, the RPE 
for runners and swimmers during DWR was not significant (p > .05). These results 
supported the hypothesis: there was no difference in RPE during DWR. However, the 
RPE for runners and swimmers during TR was significant (p < .05). Runners yielded a 
significantly lower mean RPE during TR compared to swimmers. These results did not 
support the research hypothesis at 75% MaxV02: there was no significant difference in 
RPE between runners and swimmers during TR.
The RPE results for runners in this study were in agreement with Svendenhag and 
Segar (1992) and Michaud et al. (1995). At both intensities, runners yielded a 
significantly lower (p< .05) mean RPE during TR compared to DWR and cycling. These 
results did not support the research hypotheses at 60%MaxVO2 and at 75%MaxV02: 
there was a difference in RPE between TR, DWR, and cycling. However, swimmers at 
both intensities, had no difference in RPE between TR, DWR, and cycling. These results 
did supported the research hypotheses: there was no difference in RPE between TR, 
DWR, and cycling.
The studies performed by Svendenhag and Seger (1992), Michaud et al., (1995), 
Mercer and Jensen (1998), and DeMeare and Ruby (2000) have only compared mean 
heart rates at maximal oxygen uptakes and similar submaximal oxygen uptakes during
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TR and DWR. No other DWR study has incorporated cycling as a mode of exercise to be
analyzed.
Conclusions
• At 60% MaxV02 and 75% MaxV02, the mean heart rates in runners and in during 
TR. DWR, and cycling were not different.
• At both intensities, swimmers had a lower heart rate compared to runners during 
DWR
• At 75% MaxV02, the mean heart rates in swimmers during TR, DWR, and cycling 
were different. The mean heart rates during DWR were significantly lower than 
treadmill running and cycling. The difference between TR and DWR was 22 bpm.
• At 60% MaxV02 and 75% MaxV02, the RPE was not different between runners and 
swimmers during DWR.
• At 75% MaxV02 there was a significant difference in RPE between runners and 
swimmers during TR. Runners had a lower RPE on the treadmill compared to 
swimmers.
• At both intensities, in swimmers, there was no difference in RPE between TR, DWR, 
and cycling.
• At both intensities, in runners, there was a difference in RPE between TR. DWR, and 
cycling. Runners yielded a lower RPE during TR compared to DWR and cycling.
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Recommendations for Future Studies 
At similar submaximal oxygen uptakes, swimmers should have their heart rate, 
core temperature, and cardiac output measured during swimming and DWR. The 
familiarity of the water may affect the heart rate during swimming and DWR due to their 
training in the water. The movements for swimming and DWR are different in the water. 
Swimming is performed in a horizontal position with less hydrostatic pressure affecting 
the body; while, DWR is performed in a near vertical position with more hydrostatic 
pressure affecting the body. Would the different positions in the water affect heart rate 
and cardiac output?
DWR and treadmill running have similar arm and leg movements; however, the 
muscle activity patterns may be different since there is no ground reaction force in DWR 
(Padilla et al., 2001). Muscle activity patterns through electromyography (EMG) should 
be measured between treadmill running, cycling, and DWR. Also, it would be valuable 
to measure and compare the differences in EMG patterns in the lower extremity muscles 
during non-weight bearing activities, cycling, and DWR.
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DEPARTMENT OF KINESIOLOGY 
EXERCISE PHYSIOLOGY LABORATORY 
COMPARISON OF HEART RATES BETWEEN DEEP WATER RUNNING. 
TREADMILL RUNNING, AND CYCLING
Investigator: JENNIFER PADILLA
INFORMED CONSENT
My name is Jennifer Padilla, I am a graduate student in Exercise Physiology at 
UNLV. My advisor and thesis director is Dr. Lawrence A. Golding, Director of the 
Lat)oratory of Exercise Physiology and Professor in the Department of 
Kinesiology.
In signing this consent form you agree to volunteer to be a subject in this study. 
As a subject you can be classified into one of the following two groups: 1. 
Runners, participating on the university track team; or 2. Swimmers, participating 
on the university swim team. The purpose of this study is to compare heart rates 
(HRs) when doing the same amount of work when running on the treadmill; deep 
water running (DWR); and cycling on a cycle ergometer. In addition, a 
comparison between the rating of perceived exertion (RPE) will be made 
between the two types of subjects (2 groups).
Definition of Deep Water Running
Deep water running occurs when the subject is fitted with a flotation device 
around their waist and simulates running action with their arms and legs, but their 
feet do not touch the ground. Deep water running occurs in the deep end of a 
pool or a deep water running tank.
Testing will take approximately one hour on three different days and the testing 
will be done in the laboratory in the Sports Injury Research Center (SIRC) and 
the UNLV Lied Athletic Complex.
On the initial testing day an explanation of the study and signing of this consent 
form will take place. After which height, weight and percent fat will be measured. 
The RPE chart will be explained and any questions you have about the study, ttie 
testing or any risks will be answered. At this time you will be given a chance to 
practice running on the treadmill and in the water with a flotation device. A short 
questionnaire will also be administered.
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Comparison of Heart Rates Between Deep Water Running, Treadmill 
Running, and Cycling
A voluntary, maximal oxygen uptake test will occur the next day either by 
treadmill running, if you are a runner, or cycling on a cycle ergometer, if you are a 
swimmer. On the other test days, a voluntary, submaximal oxygen uptake test 
will be administered during different days on the treadmill (if you are a swimmer), 
cycle ergometer (if you are a mnner), and in the water, while deep water oinning. 
The three test days will be randomly assigned but will consist of the following:
• On one day you will mn on the treadmill at a comfortable speed and the 
percent grade will increase every three minutes until pre- determined 
oxygen uptakes are reached. Your oxygen uptake will be determined by 
open circuit spirometry while you are breathing through a mouthpiece and 
flexible plastic tubing. Your V02, HR and RPE will be monitored each 
minute while you run for 15 minutes. If you are a runner, this will be a 
voluntary, maximal oxygen uptake test.
• On one day you will perform deep water running to the cadence of a 
metronome and cadence will increase until your pre-determined oxygen 
uptakes are reached. Your oxygen uptake will be determined by open 
circuit spirometry while you are breathing through a mouthpiece and 
flexible plastic tubing. Your V02, HR and RPE will be monitored each 
minute while you DWR for 15 minutes.
• On one day you will cycle on the cycle ergometer until your pre­
determined oxygen uptakes are reached. Your oxygen uptake will be 
determined by open circuit spirometry while you are breathing through a 
mouthpiece and flexible plastic tubing. Your V02, HR and RPE will be 
monitored each minute while you cycle for 15 minutes. If you are a 
swimmer, this will be a voluntary, maximal oxygen uptake test
The risks during this study are minimal. As in any exercise situation there is a 
small, yet measurable risk for heart attack, cardiac arrhythmia, or stroke. 
However, whenever adults exercise there is always the risk of tripping and falling. 
Muscle soreness may follow the exercise. Every effort will be made to protect 
you from any accident or over-exertion. Your participation is voluntary and you 
may withdraw from participation or stop a test at any time without penalty. All 
records will be stored in a locked file cabinet in my faculty advisor’s office located 
at the Exercise Physiology laboratory located in the Sports Injury and Research 
Center for three years. The files will be kept confidential and, when published, no 
names of subjects will be used.
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Comparison of Heart Rates Between Deep Water Running, Treadmill 
Running, and Cycling
If you have any questions, concerns, or comments atx)ut the study or the rights 
of subjects, you may contact Dr. Lawrence A. Golding, Department of 
Kinesiology at 895-3766. If you have questions about the rights of research 
subjects, you may contact the Office of Sponsored Programs at 895-1357.
In signing this consent form, I acknowledge that I understand the testing 
procedure, the possible dangers and risks, and certify that to my knowledge 
there is no medical reason why I should not participate in these tests.
Participant’s Signature Participant’s Name (Printed) Date
Witness’ Signature Witness' Name (Printed) Date
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Comparison of Heart Rates between Deep Water Running, Treadmill Running, and
Cycling using Swimmers and Runnen
Questionnaire
Investigator: Jennifer Padilla
Circle the most appropriate answer.
1. What sport do you play? Swim Track
2. Are you a male or female? Male Female
3. What is your age? _______years
4. Are you a comfortable in the water? Yes No
5. Do you have any experience on a treadmill? Yes No
6. I f  yes, explain: ___________________________________________
7. Do you have any experience deep water running with a flotation device?
8. I f  yes, explain:
9. Do you have a physical condition that might affect your participation in the study?
Yes No
10. If  yes, explain:_______________________________________________
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TEST DAY SCHEDULE
NAME:
SUBJECT ID:
LISTEDARE THE DAYS AND TIMES FOR TESTING SESSIONS, LISTED IS 
THE MODE OF EXERCISE BEING TESTED, AND WHAT TO WEAR
TEST DAYS TIME MODE OF 
EXERCISE
PROPER ATTIRE
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•H m a i Fm Mmum for Fwr
tlnfoUi
4g«*lm#ymr
ii* a 23.37 29-a 33-a 3142 4347 4 ta 33-8 > 8
ll-tT 1.7 23 3J 4.1 4.9 3» L4 74 1.0
ii-a 3.1 39 4» 3.4 «4 74 7.1 1.» 9.4
23-n 4.4 S3 4.0 «1 7.» #4 94 104 10.7
21-B 3.7 »J 7J • 1 1.9 9.7 104 114 12.1
3S-» 7.0 7.1 1.» 9.4 104 11.0 11.1 IL i 13.4
3W2 1.3 9.1 9.9 10.7 114 124 13.1 13.9 14.»
4VC7 9.0 lOJ 11.1 11.9 12.7 134 144 13.1 8.9
4$.S 10# 11.» 114 134 13.9 14.7 134 lU 17.1
33-17 13.0 12.1 134 14.4 13.1 13.9 14.7 174 114
SM2 13.1 13.9 14.7 134 1»4 17.1 17.9 IL7 194
047 143 13.1 13.9 14.7 174 114 19.0 19.1 » .»
0.73 134 11.3 17.0 17.1 II.» 19.4 204 214 214
73.77 16J 173 11.1 1:9 19.7 9 4 314 22.1 2LI
7 t« I7 .i 114 192 ».o 0 .7 214 224 D.1 8 .9
1347 l l . i 19.4 202 314 21.1 22.» 8.4 244 8 .0
IM S i9 .i 0.4 214 224 224 8 .» 24.4 8 4 210
9347 30.» 21.4 2L3 DO D .I 24.» 8.4 2U 8 4
n-us 31.» 22.4 234 34.0 24: 8 » 9.4 8.1 8 .9
103.107 U S a.3 24.1 34.9 D.7 9 4 8 4 241 219
10.112 US 24.2 234 D .I 20.» 27.4 US 8 4 9 .1
113.117 34J 23.1 234 2C.7 US 8 4 9.1 8 4 9 7
iii. ia U S 3».» 2U D 4 0 4 9 4 9 4 84 31.»
133.127 u s 2*# 27.» 244 9 4 9 .0 9 4 114 0 4
131.133 3».» 27.7 2M 0 4 304 9 .1 31.» 04 8 4
133.137 37.7 214 294 304 30.1 31.» 0 4 334 8 0
131.143 a .4 394 304 314 0 4 8 4 344 34.1
143-147 9 .3 0.9 30.7 314 8 4 8.1 8 4 34.7 8 4
1431)3 29.» 0 7 114 324 8 4 33.1 K » 8.4 9 2
133.137 30.» 31J a i US 8 .7 344 8 4 8.1 9 9
13#.1#2 )U 32.0 324 D4 34.4 8 4 3»4 8 4 8 .»
10447 a .i a » 0 4 344 8 4 8 4 3»4 UA 3U
10472 As US 344 3U 334 3L4 8 4 8 4 8 4
17)477 O jO us 344 US 3»4 8 4 8 4 8 4 9 .4
10403 a .» 34.4 US US 3U 8 .» 304 8 4 9 4
10.10 34.1 34.9 33.7 us 8 4 9.1 3IJ 8.7 404
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NraM  Pa W a a #  for fa r
S m é *
ilodad»
A f ia iM  r«v
(IQ 6.J7 310 0 .8 3M3 4V47 8 8 918 » 6
»XT U 94 9.4 94 9.7 99 10# 6 4 (04
» » M.0 6.7 10.0 11.0 1(0 (14 11.4 114 11.7
JV1» 11J 180 18.8 13.3 (34 134 (17 8 9 130
948 a « (34 134 (34 (3.7 13.9 141 M4 14.4
4>4t (3* I4.« 14.1 (49 19 0 192 6 4 6 4 (S.7
419 193 19.9 10.1 l«.3 l«3 («4 («7 l«.l 17.0
svn («J (73 174 174 (74 (74 179 111 114
9M2 17.7 11.4 114 (0.1 ( I t 190 191 194 194
U 4I It.# 19 « 191 19.9 6 0 6.2 6 4 6 4 6.7
«111 S I 6.1 81.0 21 1 3(2 314 21 « 31.7 21.9
7171 21J 32.0 B .I 22 3 6.3 0 4 0.7 22.9 6 .0
716 6 4 6.1 6 4 6.4 6 4 6.7 6 9 6 0 6 4
641 s.« 6 4 6 4 6 « 6 4 34 9 6 0 6 4 6 4
64% 34.7 8.4 6 4 6.7 6 ? 6 0 6 1 6 4 6.4
641 6 1 6 4 6 4 6 4 6 4 8 1 8 3 8.4 8 4
«-MB 6.1 8 4 8.7 8 1 8.9 301 6 4 6.4 6 4
unw i 6 * a.« 3B.7 6.9 6.9 6 2 6 4 6 4 6 4
1(9118 6.9 6 4 6(7 6.9 6.0 6 3 6.1 6 4 6 4
111117 6.9 6 4 6.7 6.9 31.0 914 9(4 114 114
11116 6.9 314 31.7 31.9 11.9 0 4 0 4 0 4 3B.0
131137 31.9 0 4 0.7 0.1 0.9 0.1 6 4 0.4 6 4
131(6 B .I 0 4 334 6.1 0.1 6.1 6.3 6.4 6 4
131137 0.7 6.4 6 4 6.7 6.7 6.0 6.1 0 4 6.4
1916 6.« 0 4 6 4 6 4 0 4 6.9 6.0 6 2 6 4
141(6 0 4 6 3  • 6 4 6 4 6 4 6.7 6.9 8 0 8 4
141(6 6 4 8.0 8 4 8 4 8.4 8 4 8 4 8 9 6 0
151157 373 8.0 6 .0 6.1 6.2 6.4 6 4 6.7 6.9
19116 NO N.« 6.0 6.9 6 0 6 2 6 4 6 4 6.7
l«l)«7 NO 6 4 6 4 6.7 6 1 8 0 8 3 8 4 8 4
(«116 6 4 8 4 8 4 8 4 8 4 8 .1 8 9 8.1 4(4
171(6 404 8 9 8 .1 8 4 414 8 4 «1.7 8.9 496
171(8 4IJ 8 7 8 4 8 # 8 0 484 8 « 8 0 49.7
111(8 41.7 8 « 8 4 8 7 8 7 8 .0 8.1 8 4 8 4
16 .(8 8.4 8 9 8 4 8 4 8 .4 8 4 8.1 8 9 8.1
(#118 8 4 8 7 8 .9 8 0 8.1 8 4 8 .4 8 4 8.7
16.38 8.7 8 4 8 4 8 4 8.7 8 .9 8.1 8 4 8 4
Reproduced with permission o. the copyrigh, owner. Further reproduction p rohM ed without permission.
APPENDIX E
YMCA CYCLE ERGOMETER WORKLOAD GUIDELINES 
(Golding, 2000)
102
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
PWC MAX WORKLOAD GUIDE
103
tt1
workload
150 kgm 
0.5 Kp
<8.6 86-.100
600 kgm 
2.0 Kp
300 kgm 
1.0 Kp
750 kgm 
2.5 Kp
450 kgm 
1.5 Kp
450 kgm 
1.5 Kp
600 kgm 
2.0 Kp
900 kgm 
3.0 Kp
600 kgm 
2.0 Kp
750 kgm 
2.5 Kp
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TnadmilTast
Naim:
SubjsdlO;
Dal*:
^  __
Spaad:__
MaxVOZ:
60%ofMaxVO2(Umm)« 
60% ef Max V02(Rt1ig/mn) >
7S%ofMaxVOZ(Lmin)« 
75% of Max V02(rrt.1(g/min) >
Subj*elwilwaniv4jpfor3fflins. Slagaaw#laal3mma Sub|*elw«njnaiapr*Mi*citdsp**d. 
Grad* wiM incraaw 2.5% «vary 3 ma# until pradtl*nnr«d Mrtdoads art raachcd.
I io#ckifmaxV02daiaM#at 60%V02»
75%V02«
Stagai
Stag* 2
Slag* 3
Siaa*4
Stag*5
StagaS
SMob7
SXagaS
SlagaS
Slag* 10
Commanls:
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OMpWttar Running Tm I
Nam*
SubftdO: 
Dal#: _ _
MaxVOZ:
«0%o(lteV02(Ufrin)s 
60% of f^ aa V02(nMigfn«n) <
75%oftMxV02(L/inn)« 
75% of Max V02(ml/lig/fnn) =
Sub|#ctwllwwnHjpfor3mint. Stag«s wiH last 3 mins. Cadanc# nil stan at ICO bpm 
and mcnaa# 20 bpmavary 3 mns until pradotaniinad ««rMoads art nachad.
60%V02*
75%V02*
HoartRal# RPE V02.Jlwn) V02naAg
Slagti
Stag#2
Stag# 3
a#g#4
|Sll0»7 1
Convnanls:
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Cyeto Ergomttar Tm I
Name;
SubJaetIO: 
Data: _ _  
Aga;
MaaVOZ
60HofMaKVO2(UMn)« 
60H of Max V02(ml/koAnin) ;
75SefMaxV02(U»TMn)« 
75% of Max V02(ml/kgmwt) »
Slagat wM last 3 min». Cadtnca wM start at 100 bpm (50 rpm). Rasstanea wdsiart al
150 kgm/min for 3 mm. warm-up and w# ineraaaa .5 kp avary 3 mins until pra-datarmmad workloads
ara raacbad.
|_ _ J c h a e k  If V02 max data sbaat 0Q%VO2>
75%V02»
RPE V02(Umin) VOZmLkg
Gommante
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Data Collection Sheet tor Body Measurement*
IName I
[
Date
Height (m).
1
Weight (lb*)
SkinfoW*
Tncep
Abdomen
liiium
Thigh
iPtreem Body Fat |
Reproduced with permission
of me copyright owner. Further
reproduction prohibited without permission.
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Name
Subject ID
Date
RHR
Mode of Exercise
Remarks:
Elapsed Time (sec) Heart Rale (bpm) Workload V02 (ml/kg/min)
30 sec
1:00
1:30
2:00
2:30
3:00
3:30
4:00
4:30
5:00
5:30
6:00
6:30
7:00
7:30
8:00
8:30
9:00
9:30
10:00
10:30
11:00
11:30
12:00
12:30
13:00
13:30
14:00
14:30
15:00
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P a tien t 1 In fo rm ation  : % M a x  1 W orkload i TIME i RPE . V02(Kg) i V 02(L ) ‘ HR ' PER
KB i I 1 Min ! 1 m l/kg /m in L /m in  , bpm  i
ID I Zorange i .....................I 5 2 m ph/0% 1 0 25 1 1 9.65 0 4 3  1 1 0 6
I 1 1 0 5 i 13.25 ! 0  5 9  i ; 1 0 3
! 0 75 23 38 1 1 0 4  1 : 10 1
D O B  109 11 19791 1 2 5 6 6 1 14 126 i 0 9 6
W eight 1 9 8  0  Lbs I 1 2 5 28.56 1.27 1 0 90
H e igh t 6 0  0  inches ! 1 5 3 0 7 4 1.37 } 126 1 0 86
P ro toco l 1 MaxVOZ TR ! 1.75 2 9 0 6 1 2 9  1 , 0 87
Gal 60%  136 6 4  m l/kg 2 3 4 8 4 1 5 5  1 128 I 0 8 5
Gal 75%  : 4 5  8  m l/kg 2.25 ! 3 1 8 9  1 1 4 2  1 i 0 85
1 2 5  1 1 32.31 i 1 4 4 129 0 87
2 75 ! 6  1 3 1 0 5  1 1 3 8  , 0 87
8  2  m p h /0% 3 1 i 32 91 : 1 4 7  : 130 0 88
’ 3 25  ! 1 29  21 ! 1 30  i ' 0 9 0
60%V02 1 3.5 I 6 37.14 : 1.65 154 0.89
3 75 ; 3 9 2 7  ; 1 75 0 92
4 40  62 1 81 158 0 93
4  25 4 5 0 9 2 0 1 0 92
4 5 43 74 1 95 160 0 93
75% V02 4.75 10 45.75 2.04 160 0.95
5 ' 52 54 2 34 161 ' 0 92
5 25 48  75 2 17 0 95
1 5 5 53 96 2 40 164 0 94
5 75 10 4 5 0 8 2 01 0 97
, 8  2 / 2  5% 6 50 07 2 23 165 0 96
6 25 50 26 2 24 3 96
’ 6 5 ! 4 9  33 2 20 172 0 9 6
6 75 ! 4 9  39 2 20 0 97
7 55 21 2 46 173 0 95
7 25 55 34 2 46 0 96
! 7 5 1 54 82 2 4 4 175 0 98
i 7 75 1 4 6 5 3 2 0 7 ' 10 1
8 ' 5 5 6 1 2 4 8 176 0 9 6
8 25 i 5 3 1 8 2 3 7 0 97
8 5 54 09 2 4 1 176 0 9 8
8 75 11 50 95 2.27 0 96
! i 8  2 /  5 0% 9 4 9 9 1 2 22 178 0 9 7
j 9 2 5 : 5 5 8 5 2 4 9 0 97
1 9 5 5 5 1 7 2 4 6 181 0 98
9  75 ' 53 83 2 4 0 : 0 99
10 1 6 4 6 8 2 8 8 182 0 9 8
1 1 1 0 2 5 57 85 2.58 1.01
1 10.5 58.01 2.58 182 1 0 2
1 0 7 5 5 8 1 4 2.59 1 0 2
1 11 36.70 1 6 3 179 1.03
11.25 3 5 7 3 1 5 9 1 0 0
1 ; 11.5 58 87 2.62 179 1 0 1
" : ' ' '  ! 1 1 7 5 12 57 54 2 5 6 1 0 2
8 2 / 7 5 % 12 5 0 8 7 2 2 7 183 1 0 2
i 12.25 1 5 8 4 4 2 6 0 1 0 0
1 12.5 60 37 2 6 9 1 0 1
! 12.75 57.45 2.56 ! 1.02
13 56 89 2.53 1.02I  1 13 2 5 6 1 7 6 2 7 5 1 0 3
1 ......... 1 1 3 5 56 75 2 5 3 185 1 0 7
’ MaiV02 1 13.75 14 6L06 2.72 185 LOS
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Pitm-t Information 1 Workload 1 TIME RPE V02 . V02 HR RER
KB 1 Mm ml/kg i L/min bpm
10 2oranee i 100 bpm ' 0 25 2142 1 0 95 100
1 05 2123 1 0 95 115 100
1 0 75 20 95 1 093 . 100
DOB 0911-1979 1 i 24.37 ; 109 ; 108 : 0 93
W ttim 980  Lbs 125 1 2667 1 119 i I 0 86
H«ifW 60 0 inches 15 ' 2886 1 129 ! 106 : 0 83
Protocol DWB 175 28 87 1 129 ! 1 0 84
C*I60% 36 64 ml/kg 2 i 2542 113 1 103 0 85
C*l 75$ 45 8 ml/kg 1 225 1 27 56 123 ! 087
__ . 2 5 28.14 125 105 086
1 2.75 6 25.02 111 088
120 bpm 3 30 09 134 107 0 89
! 325 1 2668 1.19 1 087
! 35 27 81 124 ' 113 0891 1 3 75 26 70 1.19 090
; 4 27 83 124 112 0 92
4 25 2860 127 0 91
i 1 45 2833 126 112 088
1 4 75 36 04 161 0 87
! 5 2966 1 32 108 0 87
: 5.25 3098 1 38 0 89
55 33 31 148 109 0 91
5 75 7 28 95 129 0 92
140 bom 6 3367 1 50 112 0 93
6 25 33 92 1 51 0 91
60$V 02 6.5 7 36.53 1.63 126 0.92
6 75 35 86 160 0 92
34 38 1 53 127 0 93
7 25 36 19 161 0 92
1 75 39 84 1 77 127 0 92
7 75 3904 1 74 0 91
1 8 38 65 1 72 125 0 93
1 8 25 34 93 1 56 0 94
1 85 38 09 1 70 121 0 94
8 75 9 39 97 1 78 094
160 bpm 9 3391 1 51 121 096
9 25 37 71 168 129 0 95
! I 95 35.78 1 59 129 094
! 1 9 75 39 87 1 78 '■...... . 0 95
10 44 33 197 129 0 95
10 25 47 88 213 129 0 94
10 5 39 79 1 77 129 0 94
10 75 4014 179 0 94
11 39 58 176 127 094
1125 40 59 181 0.94
115 43 38 193 131 0 93
1175 10 38 22 170 1 094
180 bom 12 40 54 181 128 094
1 2 2 5 4272 190 0.96
1 3 5 44.10 1.96 134 0.96
12.75 42.72 190 097
13 4130 184 134 098
13 2 5 41.56 185 098
135 4491 200 134 0.98
13 75 42.28 188 i 09 6
75%V02 ' 14 12 45.65 2.03 137 0.98
14 25 5159 ! 2.30 097
14 5 4317 1 1.92 134 0.99
14 75 12 42.57 190 1 100
200 bpm 15 1 4469 1.99 136 1 0.99
152 5  I 42.37 189 1 1 099
155 ! 4201 1.87 I 138 1 100
1575 ! 4923 2.19 ! 138 1 1.02
16 ' 47 22 1 2.10 . 138 ' 099
: 16 25 5135 ; 2.29 103
‘ 165 50 48 1 2 25 1 138 1 1 01
1 I 1675 1 1 53.33 I 238 : 150 i 1.01
L  . 17 I 13 1 51.21 1 2.28 1 1 103
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Patient i information Workload ! TIME : RPE V02 V02 HR RER
KB 1 1 Min : ml/kg 1L/min bpm
ID 2orange 150 kgm ! 0.25 1 2.09 1 0.09 i 1.21
i ! 0.5 1 4.42 i 0.20 ! 91 1.03
1 0.75 1 7.06 ! 0.31 1 0.94
D.O.B. 09 11 1979 ! 1 i 8.49 ! 0.38 : 89 0.88
Weight 98.0 Lbs 1.25 1 11.77 0.52 1 10.87
Height 60.0 inches 1.5 1 12.24 0.55 1 87 0.88
Protocol Cycle 1.75 14.02 0.62 ! 0.86
Date 12/22/2000 2 13.49 0.60 87 0.87
Cal 60% 36.64 ml/kg 2.25 I 14.11 0.63 ! 0.87
Cal 75% 45.8 ml/kg ! 2.5 1 12.76 ! 0.57 ■ 85 0.88
2.75 6 13.68 1 0.61 0.88
600 kgm ! 3 13.75 ' 0.61 85 0.88
! 3.25 i 14.59 0.65 : 0.88
3.5 17.20 0.77 116 0.88
3.75 22.33 i 0.99 0.89
4 27.87 1.24 131 0.92
4.25 30.23 1.35 0.91
4.5 28.20 1.26 133 0.94
4.75 31.72 1.41 0.97
5 30.30 1.35 134 0.98
5.25 30.95 1.38 : 1.01
5.5 31.98 1.42 136 1.02
5.75 9 30.98 1.38 1.01
750 kgm 6 31.20 1.39 137 1.03
6.25 32.51 1.45 1.03
6.5 33.41 1.49 144 1.03
6.75 34.31 1.53 1.03
7 34.86 1.55 150 1.02
7.25 34.29 1.53 1.00
1 7.5 41.09 1.83 152 1.01
7.75 40.05 1.78 0.99
t 8 39.04 1.74 155 1.02
8.25 i 39.84 1.77 1.03
60% V02 8.5 12 37.00 1.65 156 1.05
8.75 12 39.13 1.74 1.02
i 900 kgm 9 38.88 1.73 160 1.03
1 9.25 45.33 2.02 1.02
9.5 1 38.48 1.71 162 1.03
• 9.75 40.55 1.81 1.03
10 46.19 2.06 168 1.01
I 10.25 ! 49.10 2.19 • 0.99
1 10.5 1 50.06 2.23 168 1.04
10.75 I 46.46 2.07 1.05
1 11 ! 46.43 1 2.07 170 1.08
I 11.25 48.04 : 2.14 170 1.06
1 75% V02 I  11.5 13 46.23 2.06 170 1.07
i i 11.75 1 13 ! 42.34 1.89 1.06
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Patiant i Information Workload Time :PE V02 . V02 1 HR RER
1 Min ml'kg 1 L/min 1 Bpmi
ID ! 6purpli2 3 mph/0% 3 25 *31 1 0 51 ' 104
JP8 1 05 1*45 121 109 0 95
i 0"'5 1258 0 87 . 0 98
DOB 1 02 28 1969 1 14 83 103 1 97 ! 104
w tiim  1 153 0Lbt 125 1263 0 88 : 1 IOC
Mawm 69 0 incfie* IS 1586 1 1 10 1 91 0 98
Protocol V02Max 175 13 24 0 92 ! 0 9*
Date 01/26/2001 2 1504 105 92 109
MaiV02 64 7 m l/kf 2 25 12 76 089 ' 101
Cal 60% 38 82 m l/kf 25 1380 096 92 I 0 97
Cal 75% 48.53 m l/kf 2 75 11 1608 1 12 1 094
6 5 /0%  3 1402 0.98 92 0 91
3 25 1170 081 1 0 93
3 5 2112 147 129 1089
3 75 2229 1 55 ' 088
4 3174 2.21 i 1291 0 78
4 25 29 46 2 05 ! 0 73
45 33 08 2 30 1351 0 71
4 75 40 31 2 80 ' I 0 76
46 41 3 23 1441 0 84
525 36 58 254 09C
60%V02 5.5 12 38.70 2.70 1181 ; 0.88
5 5 12 38 54 268 10 89
16 5 /  2 5% 6 36 19 2 52 ! 143 1 0 89
6 25 41 15 2 86 086
65 36 39 2 53 145 0 89
6 5 39 10 2 72 0 89
3* 51 261 145 0 85
25 40 25 2 80 0 9:
42 36 2 95 154. 0 9 :
■ 5 42 29 294 0 92---- ■ '1 8 43 01 2 99 1531 0 92
8 25 4192 2 92 0 92
85 42 29 2 94 153 1 0 9 :
8 5 13 45 75 3 18 0 93
6 5 /5 0 %  9 4266 1 297 154 1 0 92
9 25 43 50 3 03 09C
95 46 46 3 23 158. 0 93
9 75 50 29 350 0 97
1C 45 57 1 3 17 164 098
75%V02 10.3 18 88.89 3.80 1166 0.99
10 5 50 86 354 167 IOC
10-5 49 72 346 IOC
1! 49 65 3 45 169 IOC
1125 49 16 3 42 1 099
11 5 5015 3 49 170 10:
1 1 ':  15 51 66 i 3 59 099
6 5 /  75% 12 49 82 346 170 099
12 25 48 73 339 172 099
12 5 5130 3 57 174 099
12.75 53.37 3 71 099
i "  ! 55.12 383 178 101113.25 ‘ 5 4 9 0 3.82 100
1 13 5 56.01 390 180 101
i 13.75 56 00 389 101
14 56.11 3.90 181 102
14 25 5521 384 102
. 14 5 59 76 416 185 107
1 14 -T' 18 58 70 408 1 109
6 5 /1 0 0  15 57 32 3 99 184 ^1 0 *
I 15 25 5986 416 106
1 15 5 58 79 409 187 107
1 15 75 59.72 415 1 1.07
16 62 08 432 189 106
1 16 25 59.12 411 1 1.07
16 5 63 91 1 444 1911 107
1 16*5 59 38 1 413 Î  10*
■AXW 2 17 19 68.70 : 8.50 192 1.07
25 64 13 : 446 i c ­
17 5 61 26 ; 426 ; 192 i e r
17 75 63 57 1 ■ ! 10*18 19 49 77 1 346 1921 1 11
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Patient Information 1 Workload ! Time RPE 1 V02 V02 , HR , RER
1 1 Min L/min ml/kg i  bpm i
ID 6purple2 ' 100 bpm 1 0.25 ! 109 15.66 I i 1.09
JPB 1 0.5 ‘ 1 1.30 18.74 1 118 i 1.05
i 0.75 i  1 1.15 16.55 1 i 1.03
D.O.B. 02 28 1969 1 1 1  1 1.31 18.80 ! 119 i 1.00
Weight 153.0 Lbs 1.25 1 1.28 18.40 i 1.02
Height 69.0 inches 1.5 ! 1.45 20.88 121 1 1.00
Protocol DWR 1.75 1.39 19.95 1.01
Date 01/30/2001 2 1.50 21.58 120 1.00
MaxV02 64.70 ml/kg 2.25 1.23 17.76 1.01
Cal 60% 38.82 ml/kg 2.5 1.63 23.49 122 0.99
Cal 75% 48.53 ml/kg 1 2.75 10 1.45 20.92 099
r
i 120 1 3 1.10 15.85 121 0.95
j ' 3.25 ' 1.80 25.93 ! 0.93
• 3.5 ! 1.38 19.77 121 ' 0 95
1 i i 3.75 ; 1.71 24.61 , 0.98
1 4  1 ' 1.53 21.94 ' 132 ' 0.97
i i 1 4.25 1 1.64 23.62 i 0.98
! 4,5 j 1.64 23.52 ; 133 0.92
i 4.75 1.75 25.19 0,90
! I 5 ! 2.10 30.16 1 136 1 0.92
5.25 1.87 26.85 1 0.92
1 55 i 1.94 27.84 i 138 0.94
1 5.75 13 1 2.05 29.52 I 0.95
I 138 6 ; 1.74 25.05 I 140 0.99
6.25 ! 1.94 27.90 1 ; 0.98
1 6.5 ! 2,07 29,82 1 142 ' 1,00
! 6.75 ! 1.96 28.18 1 ; 0.99
1 7 , 1.87 26.83 143 : 0.99
j 7,25 ' 2.17 31.16 i 1.01
1 7.5 i 2.09 30.10 146 1.01
i 7.75 1 246 35.31 1.01
8 2.06 29.62 147 ; 1.05
1 1 8.25 i 2.51 36.07 i 1.05
: 1 8.5 2.24 3228 150 1 1.07
; 8.75 15 2.45 35.19 i 1.07
1 160 9 2.40 34.47 150 ' 1.07
9.25 2.24 32.22 1.06
9.5 2.67 38.32 151 1.04
9.75 2.57 36.99 1.10
10 2.57 36.91 159 111
60%VO2 10.25 16 2.70 ! 38.83 160 1.11
10.5 2.73 39.21 160 111
10.75 2.78 40.05 1.13
1 : 11 2.88 4140 165 1.13
11.25 3.03 43.51 i 1.14
1 11.5 3.03 43.50 169 1 1.13
1 11.75 18 3.05 43.85 1 1.14
176 12 3.13 45.06 171 ! 1.15
12.25 3.06 44.07 i 1.13
12.5 : 3.18 45.75 175 1.13
t i 12.75 ! 1 3.16 45.47 i 1.15
75%V02 13 20 3.33 47.95 178 1 1.14
13.25 1.98 1 28.50 1 1.15
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Patient Information Workload i Time RPE V02 V02 ; HR RER
1 1 Min L/min ml/kg i bpm
ID 6purple2 ; 150 kgm 1 0.25 0.91 13.06 0.89
JPB i 0.5 1 0.73 10.53 ! 94 1.04
I 0.75 1 0.78 11.19 ! 1.04
D.O.B. 02 28 1969 1 1 0.85 ' 12.27 I 90 1 02
Weight 153.0 Lbs 1 1.25 , 1 1.00 ; 14.40 1 0.98
Height 69.0 inches! 1.5 ! 0.52 ! 7.53 ! 94 1 1.00
Protocol Cycle 1.75 1.05 1 15.10 ! 1.00
Date i ##*###### 2 0.62 8.98 1 102 1.05
MaxV02 64.7 ml/kg 1 2.25 i 0.93 I 13.44 i i 1.01
Cal 60% 38.82 ml/kg 2.5 0.85 12.25 90 1.00
Cdl 75% 48.53 ml/kg I 2.75 1 7 0.86 12.31 ' 0.97
1 600 kgm 3 0.69 9.93 91 0 95
' 3.25 1 0.91 13.15 0 94
! 3.5 i 1.28 18.36 112 0.89
3.75 i 0.90 12.97 0.85
4 1.68 24.19 120 1 0.80
4.25 1.66 23.80 0.79
45 1.87 2692 119 1 0.79
4.75 1.49 21.44 ! 0.86
5 2.07 29 74 121 089
5.25 1.58 22.65 0.90
5.5 1.88 27.01 125 0.91
5.75 11 1.72 24.76 : 0.91
900 6 1.92 27.58 120 1 0.96
: 6.25 1.71 24.61 1 0 94
6.5 1.65 23.67 ; 132 1 0.95
, 6.75 2.03 29.24 1 1 0.93
j 7 2.20 31.65 140 0.94
' 7.25 1.96 28.20 098
! 7.5 2.33 33 49 143 0.98
7.75 2.22 31.95 0.99
8 2.36 33.97 144 1.00
i 8.25 239 34.33 1.02
i 8.5 2.53 3636 147 1.02
1 8.75 14 2.50 35.94 1.01
1050 9 2.33 33.46 147 1.02
1 9.25 2.47 35.58 1.01
9.5 2.76 39.66 158 1.03
9.75 2.63 37.78 158 1.04
i 60%V02 10 15 2.66 38.28 140 1.06
10.25 3.81 54.77 1.05
! 10.5 3.56 51.17 163 1.07
10.75 3.03 i 43.56 163 1.09
: 11 2.45 : 35.27 163 1.09
1 : 11.25 16 3.40 , 48 89 163 1.06
! 11.5 2.89 i 41.54 163 1.09
1 11.75 2.97 42.76 1.09
! 12 2.86 41.14 163 1.07
75%V02 12.25 17 3.32 i 47.73 165 1.07
1 12.5 ■ 1 3.22 46.31 168 1.09
12.75 : 3.18 45.79 1.08
i 1 13 i 17 1 3.29 i 47.34 ' 1.10
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Patient Information Workload i TIME i RPE 1 V02 I V02 HR RER
; Min i ! ml/kg I L min ' bpm
ID 4red 150 kgm i 0.25 ! ' 0.18 : 0.01 i 0.15
MG 1 0.5 1 0.23 i 0 01 1 87 0.73
0.75 2.51 1 0.13 1 0.98
D.O.B. 1 12-181978 1 4.02 1 0.21 i 90 i 0.75
Weight 113.0 Lbs 1.25 5.92 1 0.30 0.71
Height ' 64.0 inches 1.5 6.97 0.36 94 0.69
Protocol 1 Cycle 1.75 7.60 0.39 0.71
Date 12/22/2000 2 10.01 0.51 93 0.70
Cal 60% 29.54 ml/kg 2.25 9.30 0.48 0.69
Cal 75% i 36.92 ml/kg ; 2.5 11.52 0.59 98 0.69
t ! 2.75 7 12.34 0.63 0.69
450 kgm 3 11.97 0.61 96 0.70
3.25 14.53 0.75 ! 0.71
3.5 i 14.72 : 0.76 1 106 1 0.74
1 3.75 i 13.08 1 0.67 ; ! 0.75
4 1 15.32 0.79 1 117 1 0.77
4.25 . ' 15.06 0.77 ! I 0.79
4.5 j ; 18.27 0.94 I 122 1 0.76
4.75 1 1 24.44 1 26 : ! 0.78
5 22.46 1.15 : 122 I 0.78
! 5.25 1 1 22.58 1.16 ' i 0.81
5.5 : i 24.38 1.25 ' 126 0.83
5.75 11 23.09 1.19 , 0.87
600 kgm 6 1 24.95 1 28 130 1 0.89
6.25 i i 25.94 ; 1.33 1 i 0.90
6.5 ! 1 24.60 1.26 I 146 ; 0.92
i 6.75 1 1 27.63 1.42 i 1 0.93
7 1 ' 25.47 1.31 149 1 0.93
. 7.25 1 25.86 1.33 i 0.94
! : 7.5 j 26.59 1.37 149 0.93
; 7.75 ! 1 27.43 ; 1.41 0.95
8 ! i 31.46 1 1.62 , 158 0.93
8.25 32.00 : 1.64 0.96
8.5 1 27.49 ' 1.41 157 0.97
i 1 8.75 1 13 26.73 . 1.37 0.97
60%V02 750 kgm 9 13 31.51 1.62 157 0.99
9.25 32.38 1.66 0.96
9.5 32.47 1.67 169 0.97
9.75 1 33 27 1 1.71 0.99
10 30.24 1.55 170 1.00
10.3 33.69 1.73 1.02
10.5 36.69 1.88 174 0.99
10.8 34.89 1.79 1.00
11 36.31 1 1.86 175 0.99
! 11.3 33.06 1.70 1.03
11.5 53.76 2.76 176 1.02
75%V02 11.8 15 38.U 1.96 178 1.02
900 kgm 12 39.30 2.02 180 1.02
12.3 35.75 1.84 1.04
1 12.5 38.68 ! 1.99 181 1.04
1 12.8 34.41 i 1.77 1.06
■ 13 42.98 2.21 186 1.04
I ' 13.3 ! 41.56 2.13 1.01
: 13.5 38.23 1.96 187 1.05
1 13.8 i 44.51 2.29 1 I 1.05
14 40.25 2.07 190 1.07
! 14.3 18 45.35 2.33 190 1.07
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Patient information i  Workload Time RPE V02 V02 1 HR RER
Min L/min i ml/kg i bpm
ID 4red 100 bpm 0.25 0.56 : 10.84 i 0.78
MG 0.5 1 0.96 ; 18.77 | 92 1 0.71
1 0.75 1 1 0.74 ! 14.35 j 0.75
D.O.B. : 12 18 1978 1 1.03 1 19.97 94 ! 0.70
Weight i 113.0 Lbs 1.25 . 1.05 ! 20.41 i 0.72
Height 64.0 inches 1.5 1.02 19.77 99 0.73
Protocol DWR 1.75 ! 1.31 25.59 0.73
Dtae 02/03/2001 2 I 0.90 17.50 96 0.81
MaxV02 50.1 ' 2.25 ' 1.18 22.99 0.78
60%V02 30.06 1 2-5 1.10 21.49 98 0.79
75%V02 37.58 1 2.75 7 0.95 18.47 082
120 i 3 1.06 20.67 95 0.85
: 3.25 1.02 1 19.91 ! 0.84
i 3.5 1 0.96 18.74 100 I 0.87
' 3.75 . 1.23 : 23.87 1 0.81
4 , 0.94 1 18.28 111 0.88
1 i 4.25 I 1.18 1 23.00 1 i 0.79
1 4,5 1.48 i 28.79 ! 107 | 0.81
4.75 : 1.30 i 25.40 ! ' 0.85
1 5 ! 1.22 i 23.77 | 111 , 0.88
5.25 1.30 ! 25.26 1 0.88
5.5 1.15 i 22.39 109 1 0.90
: 5.75 1 9 1.33 25.89 1 0.93
1 138 6 ! 1.35 26.25 112 0.92
i  6.25 ' 1.21 1 23.46 1 0.94
1 1 6.5 1 1.17 ! 22.86 120 0.91
6.75 1 1.51 I 29.32 1 0.88
1 ' ; 7 : , 1.50 1 29.22 122 1 0.90
i i 1 7.25 1 147 28.60 i 0.91
: 7.5 1 1.52 29.60 120 1 0.90
1 7.75 1 1.35 ! 26.33 1 0.92
! 8 1 1.32 25.78 121 0.88
60%V02 i  8.25 12 1.55 30.12 122 0.86
1 85 1.65 32.09 126 0.90
' ; 8.75 i 12 , 1.46 28.36 0.91
160 ' 9 : 1.66 32.32 126 0.90
9.25 1.68 32.73 0.96
9.5 1.59 30.87 131 0.97
9.75 1.73 33.71 0.95
10 2.17 42.24 141 0.96
10.25 2.20 42.76 0.99
10.5 1.86 36.20 145 0.99
10.75 1.86 36.16 1.01
' 11 1.70 33.11 143 1.01
11.25 : 2.15 41.93 1.03
11.5 2.01 39.07 146 1.07
11.75 13 1.83 35.63 1.07
176 12 1.94 37.82 143 1.04
1 12.25 1.68 32.68 1.02
! 75%V02 12.5 14 1.94 37.74 145 1.04
12.75 ! 1.91 37.23 1.04
1 13 ! 2.02 39.36 156 1.03
13.25 i 2.10 40.86 1.05
13.5 14 2.13 41.46 157 1.09
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Patient In fo rm a tion  i W orkload i Time : RPE 1 V 02 V 02  ! HR : RER
MG ! Mm 1 m l/kg L /m in bpm :
ID 4red 3 m p h /0 % : 0 2 5  1 5 58 0  29 1 0 86
I 0 5  i 1 9  70 0  50 106 0 86
0 7 5  1 1 9  48  1 0 4 9 I 0 8 7
D O B 12 18 .197 8 1 1 ; 1 14 59 0  75 105 0 83
Weight 113 0  Lbs ! 1 2 5  : i 10 93 0  56 1 0 80
Height 6 4  0  inches i 1.5 1 i 1 4 0 4 0  72 118 0 78
Protocol MaxTR 1.75 i 1 18 2 4 0.94 0 7 9
Date 12 -20 -200 0 2  1 1 8 3 3 0 9 4 116 0 76
M a V 0 2 50  10 m l/k g ' 2,25 ' 17 52 0  90 , 0 79
Ca 60% 30 0 6  m l/k g : 2.5 1 ; 18 02 0  93 119 : 0 80
Ca 75%  ! 37 5 8  m l/kg 2.75 : 6 i 15 23 0  78 : 1 0 81
' 6 4 / 0 %  : 3 1 i 16 51 ! 0  85  : 116 i 0  82
3 25 . 2 2  38 : 1 15 , 0  82
3 5  ' 2 6  28  1 35 : 136 : 0 81
3 75 2 6 2 3  1 1 35 i i 0 8 7
! 60%V02 1 4 8 30.48 1.57 1 153 { 0.86
4 25 37 18 1 9 1  0 8 3
1 4 5 35 79 1 1 84  163 0 85
4 75 : 4 9  52 2 .54  1 0 8 5
5 4 3  94 2 26 166 ! 0 92
5 25 36  11 1 85 0 97
1 5 5  ; 41 10 2 11 163 0 92
1 75%V02 i 5.75 9 40.59 2.09 163 1 0 94
1 1 6 4 / 2 5 %  6 4 4  13 2 27 ! 163 ! 0 93
1 6 25 4 0  96  1 2 1 0  : | 0 97
! 6 5  , 4 5 3 9  1 2  33 1 174 | 0 97
. 6  75 • 41 18 ! 2 .12 1 1 0 0
7 : 43 40  1 2  23 177 j 0 96
i 7 2 5  : 53 21 ! 2 ,73 : i 0  95
! I 7 5  : ! 42  77 ! 2 2 0  1 179 I 0 98
i ; 7 75 : 4 4 2 1  1 2 .27 : | 1 0 2
8 : 48  03 i 2 4 7  181 : 0 95
3 25 4 7 6 8  1 2 4 5  | 0 98
8 5  47  23 ; 2 43 182 i 1 00
1 ; 8 7 5  : 12 4 6 8 2  1 2.40 0 99
, 6 4 / 5 0 % :  9 1 4 4 3 1  | 2 2 8  182 1 0 3
9 2 5  1 4 8  73 2 50 0 9 8
1 I 9 .5 ' 4 4  22 2  27 I 183 1 0 1
1 9 75 4 8  74 2.50 1 0 0
10 4 7 .19 2.42 185 0.98
10.25 4 8 6 7 2.50 1.00
10.5 51.11 2.63 188 1 0 1
10.75 4 9 1 9 2.53 1.04
11 48.11 2.47 188 1 0 4
1 11.25 4 6 8 3 2.41 1.03
! 1 1 5 50 .65 2.60 i 189 1 0 4
i ! 1 1 7 5 15 4 9  35 2 5 3 1 0 4
! 1 6 4 / 7 5 % :  12 , 4 7 7 8  1 2 4 5  190 1 0 8
1 12.25 50  86 2.61 1 0 7
1 2 5  i 4 7  19 2 4 2 194 1 0 6
MaiV02 12.75 1 18 s a i o 257 194 1.06
13 > 4 8  28 2 4 8  1 193 1 0 8
1 3 2 5 '  1 4 3 8 9 2 25  : 1 10
1 3 5  18 ! 4 1 1 1 2 1 1 1 12
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P atien t 1 in fo rm a tio n  | W orkload | Tim e ; RPE VC2 V 02 HR RER
■ ! 1 1 Mm 1 L "n ir- m l/k g  1 b p m
ID ' 8b iue2 3 m p h / 0% | 0 25 1 0 67 14 02 0 87
RH I , 1 0 5  , 0 6 :  . 12 90 103 0 90
11 0 7 5  1 0 98 . 15 67  ■ 0 94
D O B 1 0 1 8 1 9 7 5 I  1 0 77 ; 12 4 - 99 0 95
W eight 136 0  Lbs 12 5 0 88  ' 14 30  1 0 94
Height 7 0  0  inches 1 5 0 85 13 74  ! 100 0 89
Protoco l V 02M ax 17 5 1 0 8 5 13 77 i 0 89
Date 0 1 /2 6 /2 0 0 1 2 1 1 3 1 8 2 0 104 i 0 8 9
Baro 71 3  m m  Hg 2.25 0 6 9 11 18 I 0 92
V 02M ax 57  38  m l/k g 2 5 0 8 4 13 56 102 ‘ 0 89
Cal 60% 34  43  m l/k g 2.75 7 0 8 9  1 1 4 4 2  1 0 87
Cal 75% 4 3  0 4  m l/k g 6 5 / 0 %  1 3 0 79 ! 1 2 7 5  ! 97 0 88
1 1 3 2 5 0 8 0  I 1 3 0 0  ! 0 89
! 3 5 1 4 7 23 74  ' 127 0 86
1 3 75 1 4 3 23 12 0 93
4 1 7 6  ' 28 5 0  ' 134 0 87
4  25 1 9 6 31 71 0 83
60%V02 4.5 10 2.13 34.52 145 0.84
4 75 2 25 36 38 0 90
5 2 25 36 53 150 0 92
5 25 2 23 36 85 ' 0 95
5 5 £ -a 35 02 155 0 95
5 75 11 2 25 36 57 0 96
6 5 / 2 5 % 6 2 34 3 -  92 159 0 97
6 2 5 2 25 36 51 0 96
6 5 2 25 36 52 158 0 95
6 75 2 TJ 46  98 0 97
7 2 25 36 49 163 1 01
7 25 2 6 4 4 2 6 8 0 96
7 5 2 55 4 1 2 9 167 1 0 0
7 75 2 ' 2 4 4  02 0 97
1 8 2 52 4 0  78 170 1 00
1 ! 8 25 2 59 41 94 0 98
75%V02 S.5 13 2.70 43.63 171 0.98
8 75 13 2 - 1 43  88 0 99
6 5 / 5 0 % 9 2 53 42 55 171 0 98
9 2 5 3 : 5 50 99 1 00
9 5 2 63 42  47 176 1 0 2
9 75 3 08 4 9  87 0 9 9
10 2 3 9 48  29 177 1 0 1
10.25 2 87 46  51 1 0 2
10.5 3 1 7 5 1 3 2 180 1 0 0
10.75 ; 2.97 4 8  09 i 1 03
11 ! 3.25 5255 180 1 0 5
11.25 I 2.97 47  9 6 1 0 1
11.5 3 3 3 5 3 8 8 181 1.03
11.75 14 2 9 8 4 8 2 3 : 10 1
6 5 / 7  5% 12 3.10 5 0  14 181 1 0 2
! 12 25 3 0 6 4 9  45 1 0 1
i 12.5 3 23 52 18 185 1 0 2
! 12.75 I 3 0 9 4 9  96 1 03
I 13 3 4 6 55  95 186 1 02
1 3 2 5 3 2 9 5 3  30 ' 1 03
13.5 . 3 1 9 51 55 187 1.04
1 1 3 7 5 i 3 5 1 56  75 : 1 0 4
i : MaiV02 14 19 3.55 57.38 I 186 1.03
1 1 4 2 5 3 19 1 51 53 1 06
: 1 4 5 3 4 4 ' 5 5 6 2 : 186 1 03
I 14.75 3 4 6 1 56  02 1 1.05
1 15 ' 19 3 4 6 T 5 6  03 1 186 1 0 3
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Patient In fo rm a tio n , W orkload ; T im e RPE 1 V 02  ' V02 ; HR PER
1 1 M in L /m in  ! m l/kg  ! b p rr
ID 8b lu e2  1 150 kgm  : 0  25 0  64  : 10 39 1 : 9 2
RH , 1 I 0 5 1 0  64  : 10 35 i 101 0 94
1 0  75 0 66 ; 1 0 6 8  ! : 9 2
D O B 10 18 1975 1 1 0 83 ; 1 3 3 5 102 0 90
W eight 136  0 Lbs 1 2 5  ' 1 0  76 12 36 0 89
Height 7 0  0  inches 1 5 0 80 12 88 102 0 9 1
Protocol Cycle 1 7 5  ; 0.80 12 8 7 0 93
Date 01  2 9 2 0 0 1 2 1 0  84 1 3 5 9 99 0 9 4
V02M ax 5 7  3 8  m l/k g 2 25  ! 0 79 1 2 8 4 0 92
Cal 60% 3 4  4 3  m l/k g 2 5  i 0 6 9 1111 95 0 9 3
Cal 75% 4 3  0 4  m l/k g 2.75 ! 6 0 7 2 11.72 0 93
60 0  kgm 3 1 0 83 13 4 6 100 0 871 3 25 , i 0 9 0 14 55 : 8 7
3 5 1 0 8  1 17 47 1 1 - : 9 i
3  75 1 18 1 1911 : 8 7----------
4 1 4 7  i 2 3 8 2 122 0 86
4  25 1 49  ! 24 16 0 91
4 5  ' 1 6 8  ' 27 20 123 0 93
4  75 1 4 2 23 04 0 95
5 1 56 25 19 1 2 : 0 94
5 25 1 5 3 24 68 0 95
5 5 1 4 8 23 96 1 2 - 0 97
5 75 9 1 70 27 46 1 01
750 kgm e 1 4 6 23 64 132 :  00
6  25 1 7 0 27 52 0 9 -
1 i 6 5  1 1 6 4 26 53 136 :  00
6 75 1 8 9 30 61 0 98
7 ' 1 8 5 29 99 1 4 : 0 97
! 7 25 1 8 6 30 03 0 98
7 5 2 01 3 2 5 5 143 0 99
7 75 1 88 30 34 : 01
8 1 9 0 30 68 143 1 0 0
8  25 2 06 33 36 1 00
8 5 1 9 7 3 1 9 4 1 5 : 1 0 2
8 75 12 1 96 3 1 7 4 I  03
90 0  kgm 9 1 9 0 30 70 146 3 9 9
9 25 2 1 8 35 23 0 98
9 5 2.25 36 33 156 0 99
9  75 1 9 8 3 1 9 5 1 01
C0%V02 10 13 Z16 34.66 158 1.00
; 1 0 2 5  ; 2 .23 36 10 1 00
d is re ga rd meas 1 0 5 3 7 9 6 1 3 2 163 , 1.01
10 75 2.79 4 5 0 9 1 1 0 3
11 2.34 37 90 163 1 1 0 3
1 1 2 5 2.44 39 52 1 1 0 4
1 1 5 2 3 3 37 67 163 : 1.05
1 1 7 5 14 2.22 35 90 : 1 0 3
1050 kgm 12 2.37 38 37 165 . 1.03
! 12 25 2 4 8 4 0 1 7 1 0 3
12 5 2.43 3 9 2 6 166 1 0 7
i , 1 2 7 5  . 2 3 0 37 24 1 0 2
13 i 2.43 39.36 169 : 1.03
7S%V02 13.25 16 2.62 4244 171 1.02
13.5 1 2.88 4 6 6 0 171 1 0 5
! 13 75  1 2.59 4 1 8 4 1 0 8
! 14 I 2 58 4 1 6 9 172 1 0 6
• 14 25 : 2  86 46 32 I 1 0 7
14 5 1 2.60 41.99 I 173 1 08
! ; 14 75 2  78 45 03 1 1 0 6
1 ! 15 17 2.79 4 5 1 0 1 175 1 0 8
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Pjlitnt ! Intormotion Workload ' Tim* I RPE ' V02 , V02 HR ,RER
' M m ! L/mini m l/kf scm i
10 Bbluo2 100 bcm I 0 25 ! 1 07 17 28 ,"Ô84
RH , 0 5  , 1 15 1 18 5 97 , 0 83
i 0 75 ! 0 92 14 8 : 10 87]
DOB 10 18 1975 i I ! 079 12 76 98 1 0 881
Wtilht 1360 Lbs 125 _0M_ 1426 087
Htiiht 70 0 inchot 15 1 128 20 7C 107 0 80
Protocol DWR 175 132 213- 084
Dot# ####«### 2 1 1 106 1718 105 0 89
MoxVOZ 57 38 m l/k f 2 25 1 125 2016 0 83
Col 60% 34 43 m l/k f 25 151 2441 106 0 84
Col 75% 43 04 m l/k f 275 1 19 19 19 0 93
1 120 3 098 1590 103 0 92
3.25 124 201C _2»2
1 3.5 1.44 2336 110 0891 3 75 140 2256 0 95
1 4  ^ 133 1 2157 108
, 4 25 1 11 32 2139 0 94
' ' 4 5 ,  1 138 22 35 111 : 0 94
1 1 4.75 1 146 23 56 1094
! , 5 ! 135 2184 107 0 99
: 1 5 25 1 ! 1 15 18 56 j 0 98
; . 5 5 !  : l 3 5 21 82 106 ! 0 94
1 1 5 75 i 9 : 1 43 1! 23.2C 10 94
! ! 138 ! 6 ■ 1 113 1 18 3- 106 ' 096
i 6 25 : : 1 14 ! 18 44 0 93
l 6 5 '  1 75 ! 28 32 116 10 92
16 75 . i 1 30 1 21 C2 1 0 97
I 7 ; , 161 ; 26 C3 114 1 0 93
725 1 165 26 6 : ' 101
75 ' 1 27 20 5: 112 ' 103
! 7 75 i 1 135 i 21 * r  ! 0 9B
1 1 1 8 ' , 148 ! 23Së 117 i 097
i i 1 8 25 1 ' 143 1 23 :5 l0  95
: 85 I : 180 ; 29 : :  124 i 0 92
: 8 75 1 12 1 192 1 31 14 0 94
1 160 , 9 1 1 209 1 33 8* 124 i 098
1 9 25 , . 1 98 . 32C; ,0 9 9
! 9 5 '  1 180 I 29 05 0 99
i ! 9 75 , 1 196 1 317C i 101
1 1 : 10 1 2.06 1 33 2 138 1 0.99
1 10 25! 2 35 38OC ! 098
1 . 10 5 ' 1 2.92 , 47 25 142 1 104
.10 75! 1 2 54 1 41 15 ; 108
i 11 i 2.29 1 36 95 141 ! 108
1 11.25 i : 2 04 ! 32 53 ,1 0 5
1 : 115 I i 2 30 1 37 2 : 140 i 103
1 1 11 751 14 1 2.22 1 3594 104
: 176 : 12 , , 196 ! 3165 135 102
' ! 12 251 , 196 I 317: : 1031
! 12.5 1 , 2.06 33 3c 141 i 105
! 12 75 2.32 37 6C [T 5 3
13 2.31 37 39 149 1099
13.25 2.29 37 U i |T 5 ô
13.5 2.18 3S26 142
1375 2.21 3581
14 2.10 33S9 137
1425 203 32#2!
60% «02 14.5 U 2.16 38b7 133
1 1475 _iS_ 1.72 27 7- 0.97
1 ® 0 15 197 318- 132 ~Ô95|
1 ! ! 15.25 J i L i 315: 0931
, 1 , 15.5 2 10 33 94 143 0 99
! 1575 2.19 3 5 S  0.96
16 _244_ 3948 151
1625 J J O . 40 52
1 1 16.5 _2 j6 39 79 150
1 16 75 2.42 39 06 1 î  0 2 I
1 i 17 258 41 -2 153 TÔ98I
1 ' 1 17 25 1 , 2-36 1 36 :5 TTÔ2I
1 1 : 17 5 1 2 42 . 39 2: 152,1001
i 117 761 . 2 76 i 44 59 i 1 01
1 1 1 18 1 I 2.41 I 38 9 152 1 1.02
1 7 5 % t*2  I 1 18.3 1 57 1 2 68 1 43.88 US 1 LOO
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Patient Information . Workload i Time 1 RPE V02 1 V02 1 HR RER
i Min t L/min ! ml/kg ! bpm
ID MK 3mph/ 0%| 0.25 1 0.99 i 13.36 0.68
1 1 0.5 1.19 16.03 i 116 0.70
1 0.75 i 1 1.13 1 15.32 0.74
D.O.B. 11 04 1978 i 1 ! 1.27 1 17.19 115 0.73
Weight ; 163.0 Lbs 1.25 1.18 1 15.92 I 0.73
Height ' 74.0 inches 1.5 1.37 18.44 113 1 0.74
Protocol I MaxTR 1.75 1.21 16.35 1 0.74
Date 1 01/29 /2001 2 1 1.08 14.52 110 1 0.75
V02Max ! 51.57 ml/kg 2.25 1.29 17.40 i 0.75
60% V 02 30.94 ml/kg: j 2.5 1.25 , 16.88 117 i 0.75
75%V02 38.68 ml/kg 2.75 7 1.22 16.52 0.76
6.5 /  0% 3 1.28 : 17.27 117 0.77
3.25 1.21 16.35 0.77
3.5 1.52 20.47 148 0.77
3.75 2.01 27.08 0.77
60%V02 4 10 2.24 30.27 156 0.78
4.25 2.35 31.73 0.79
4.5 2.76 37.23 166 0.81
4.75 2.90 39.17 0.89
5 2.67 36.01 172 0.94
5.25 2.87 38.76 i 0.95
5.5 2.46 33.17 176 0.96
5.75 12 2.95 39.79 0.95
6.5 /  2.5% 6 2.67 36.10 179 0.96
75%V02 6.25 12 2.86 38.55 183 0.96
6.5 2.96 39.98 183 0.96
6.75 3.03 40.93 0.98
7 2.92 39.44 184 0.99
7.25 3.14 42.42 0.98
7.5 3.16 42.65 187 0.99
7.75 3.23 43.56 1.00
8 3.20 43.17 188 1.00
8.25 3.25 43.83 1.01
8.5 ! 3.34 45.12 190 1.01
8.75 14 3.06 41.27 1.02
6.5 /  5.0 % 9 3.49 47.14 193 1.00
9.25 3.29 44.43 1.02
; 9.5 3.29 44.34 193 0.99
9.75 1 3.26 44.01 0.99
10 3.61 48.72 194 1.02
10.25 1 ! 3.42 46.17 1.02
10.5 1 3.59 48.51 195 1.02
10.75 3.67 49.53 1.04
11 3.61 48.69 195 1.03
11.25 3.74 50.54 1.01
11.5 4.79 64.71 : 196 1.02
1 MazV02 11.75 3.82 1 51.57 1.03
1 12 18 ! 3.63 1 48.98 1 196 1.03
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Patiint ! Information Worliioad : Tima RPE ' V02 i V02 HP RER
Mm ; 1 L/min ; ml/kg opm .
ID mk , 100 bom! 0 25 1 I 126 i 17 06 OSS
: 05 : . 1 20 1 16 20 106 0 89
i 0 75 i 1 20 i 16 24 0 87
DOB ! 11-041978 i 1 I 138 ; 1868 108 0 89
Weight 163.0 Lbs i 125 ! 1 27 1 17 19 0 95
Height 74 0 inches 1 15 1 127 1 17 11 ' 109 i 0 94
Pretoeol DWR i 175 ! 136 i 18 37 1 0 94
Date 01/30/2001 ! ' 2 ' 1 19 : 1606 i 105 1 0 95
V02Ma« 51 57 ml/kg 1 2-25 I 137 ! 18 46 1 i 0 92
60%V02 30 94 ml/kg ! 2.5 ' 122 1 1648 1 106 i 093
75%V02 38 68 ml/kg i 2 75 ; 8 125 1 16 93 1 i 095
120 bom i 3 1.23 16.55 1 109 ! 0 97
1 3.25 1 1 73 23 29 ! 1 096
1 1 35 I 1.24 16 76 i 107 108
1 1 3 75 i 1 14 15 39 102
; : ! 4 1 149 20 05 I 112 i 0 93
4 25 1 163 21 99 I I 094
. 4 5 1 21 16 28 I 113 ' 0 99
4 75 : ; 1.56 2103 1 , 0  96
5 1 , 163 21 98 : 112 1 1 01
5 25 1 47 19 81 1 ' 102
55 ' 1 26 17 07 113 ! 00
5 75 10 1 51 ’ 20 40 0 98
138 bcm 6 ' 1  55 20 91 115 0 97
: 5 25 1 43 19 34 0 99
6 5 1 42 19 15 123 0 99
6 75 1 77 23 85 0 97
7 170 2290 122 101
7 25 1 67 22 58 1 00
75 ! 57 21 24 125 1 00
7 75 1 87 25 28 C 98
. 8 ' ' 186 25 04 : 125 1 02
825 ! 167 22 54 1 102
: 85 ; 182 24 62 ' 129 1 00
1 , 8 75 ' 12 : 168 i 22.71 : 1 04
1 ' 160 bpm 1 9 ' 1 1 76 1 23 69 i 127 101
925 : 1 86 ' 25 14 : 105
9 5 176 23 77 , 134 102
! 9 75 , 191 25 78 . 100
1 10 195 26 37 136 102
10 25 I 93 26 08 ! 102
10 5 1 2.06 27 77 - 136 105
10 75 1 64 22 14 1 105
11 207 27 93 1 136 102
1125 ; ! 199 26 90 0 99
. 115 : 1 199 26 90 138 103
11 75 14 1 168 22.69 1 103
176 12 ' 2 03 27 39 i 135 0 97
1225 187 25 18 1 101
, 125 ' 178 24 03 139 099
! 12.75 181 24 49 : 0 97
i «0%V02 13 1 15 2.27 30.61 148 0199
1325 216 29.18 1.00
13.5 2.33 3148 151 1.02
13.75 234 31.65 104
14 213 28.73 150 1.06
14.25 2.22 29 92 104
1 14 5 222 29 98 147 104
1 14.75 16 2.10 28 36 103
! 200 IS 1 213 28.69 146 0.99
15 25 1 2 22 29 94 , 0 98
! 15 5 1 93 1 25 99 : 156 1 00
15 75 238 32 18 , ! 1 01
! ! 16 235 31 66 ; 161 102
16 25 2.50 33.77 102
I 1 16.5 2.50 33.76 163 104
I  : 16.75 262 35 34 103
' , 17 2.59 3496 161 103
1 17 25 258 3480 104
' 1 7 5 ' 245 33 11 165 ' 105
75% «02 i 17.75 17 2.75 37.06 165 1.04
18 i 2.69 , 36 29 , 165 1 07
1 18.25 1 316 i 42.70 1 ; 1 OS
1 : 185 17 1 3.01 1 40.57 1 165 ! 1.05
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Patient i Information Workload Time i RPE : V02 : VG2 : HR RER
: Min ! 1 L/min : ml/kg 1 bpm
ID 4red2 150 kgm 1 0.25 1 i 0.80 : 10.74 1 0.89
MK ! 0.5 0.88 ; 11.82 i 97 0.90
0.75 0.80 10.86 1 0.94
D.O.B. 11 04.1978 ; 1 0.88 11.92 104 i 0.94
Weight 163.0 Lbs 1.25 1 0.88 11.84 ; 0.94
Height 74.0 inches i 1.5 ' 0.85 11.48 104 I 0.94
Protocol Cycle 1.75 0.83 11.17 0.94
Date 02/02 /2001 ; 2 0.96 13.02 107 0.94
V02Max 51.57 ml/kg I 2.25 1 0.71 9.55 0.93
60%V02 30.94 ml/kg 2.5 0.98 13.26 104 0.93
75% V02 38.68 ml/kg 2.75 7 0.87 11.72 0.93
600 3 0.83 11.17 102 0.93
3.25 0.77 10.45 0.95
3.5 1.03 13.92 116 0.87
3.75 1.14 15.37 0.84
4 1.50 20.23 123 0.81
4.25 1.26 17.04 0.80
4.5 1.68 22.69 123 0.81
4.75 1.65 22.29 0.82
5 1.61 21.68 126 0.84
5.25 1.61 21.79 0.87
5.5 1.80 24.33 129 0.88
5.75 11 1.55 20.86 0.90
900 6 1.71 23.13 130 0.91
6.25 1.66 22.36 0.91
6.5 1.77 23.94 139 0.89
6.75 : 1.87 25.23 0.92
7 , 2.22 29.97 149 0.91
I 1 7.25 ^ 2.18 29.43 0.93
7.5 2.18 29.40 150 0.95
1 7.75 2.23 30.06 153 0.93
1 8 2.43 32.83 154 0.96
1 8.25 2.23 30.06 0.98
1 8.5 2.54 34.33 156 0.98
8.75 13 2.20 29.63 1.02
60% V02 I 1050 kgm 9 13 2.25 30.39 154 1.01
! ! 9.25 2.36 31.89 1.00
9.5 2.50 33.80 ! 163 0.97
1 9.75 2.63 35.44 i 1.00
1 10 2.80 37.82 169 1.0111 10.25 2.85 38.47 i 1.03
75% V02 1 10.5 16 2.86 38.63 170 1.06
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Patunt Intormatio 1 Workload >TIMElmm' RPE IV02(L1 Iv02fhg) - - RER
10 '8 blue 1150 kgm , 0 25 ; 027! 3 15 0 99
LM 1 1 05 0 78i 933 83 0 80
1 0 75 "  ■ T 0 741 8 8: 0 75
DOB 0105 1981 j 1 lOo! 1191 88 0 72
Wtiam 11850 lbs 1 1 125, 107l 12 69 0 71
Htight 76 0 inches 1 15! 0 921 1096 90 0 72
Protocol 1 MuCycIo ! 1 175 102! 12 1- 0 72
Data iOl 09 2001 2 120 14 26 87 071
MaxV02 15*55 ml/kg 2 25 1 12 13 34 , 0 72
Cal 60% 32 73 ml/kg 15 1.17 1385 92 j 0 72
Cal 75% *091 ml/ki ! 2 75 8 1.17 1388 I 0 73
600 kgm 3: 115 13 72 911 0 74
3.2S! 1.05 12 4* 0 76
3 5' 131 1553 1081 0 76
375 135 1608 0 77
1 * 166 19 7- 115 0 77
4251 180 21 35
1
0 74
* 5 205 2*36 l ie 0 73
*  5 205 2*35 0 73
5 204 2*25 113 0 75
5 25 227 27 K 0 76
55 213 25 25 119 0 78
575 11 2 04 24 3: 0 81
1900 kgm 6 154 18 26 117 0 83
E 25 208 24 65 0 82
65 244 29 C3 120 0 79
6*5 207 24 6 ' 0 82
2.13 25 34 128 0 83
■ :s 2 25 26-5 0 82
2 52 30 129 081
'  5 2 78 33 25 0 82
8 2.71 32 : ' 130 0 83
825 n 253 30 05 0 86
85 257 30 54 133 0 87
8 -5 141 2.53 30 14 0 88
i 1050 kgm 9 209 24 85 131 0 87
9 25 2 78 33 i : 0 85
95 2 70 32 15 135 0 85
9 5 223 26 52 0 87
60%W02 10 1* 2.75 32.69 136 0.89
1 10 25 306 36 43 0 81
13 5 283 33 6 : 143 0 87
10'5 293 3480 0 87
! 11 329 39 OS 147 0 88
1125 2 99 35 52 0 89
1 :5 287 34 05 148 0 91
11 5 151 3.24 38 50 0 91
1200 kgm 12 285 33 8* 148 0 89
1225 3 37 40 06 0 91
12 5 3 *8 41 K 152 090
12 75 3 1 * 37 35 0 93
75%V02 13 16 3 *6 *L 1 * 156 0.93
1 • 1325 375 4*59 091
13.5 3 *7 *1 2 * 159 0.9*
1375 *0 6 *831 0 9 *
1 1* 330 392* 160 098
1 1*25 3.97 *7 20 095
1*5 380 452* 163 096
1 1 1*75 17 0 98
1 11350 kgm 1 15 4 *8 53 30 165 098
1 1525 *1 6 *9 5: 100
155 3 7* 44 42 169 103
15 75 *21 50 : : 100
16 *1 3 4912 170 101Î ------ 1625 3.9* 468* 100
' 16.5 389 46 28 170 1.0*
1 1 16 75 4 *3 52.661 102
17 *7 9 57 00 173 100
1 1725 *5 3 5383 106
! 17 5, *2 8 50 85 176 108
1-75 17 *561 5*22 106
■aiV02 1500 kgm IS 17 4.59 54.55 178 1.07
1 1825; *51 1 53 63 1.10
185 1______ iS *18 1 *9 -1 1801 101
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Patient Information Workload TIME(min) RPE V02(L) V02(Kg) HR RER
ID 8 blue 100 bpm 0.25 1.02 12.12 0.88
0.5 1.15 13.72 111 0.90
0.75 1.67 19.90 0.82
D.O.B. 0105-1981 1 2.01 23.86 117 0.73
Weight 185.0 Lbs 1.25 2.74 32.64 0.68
Height 76.0 inches 1.5 2.73 32.50 118 0.69
Protocol DWR 1.75 2.58 30.67 0.72
Date 01 10-2001! 2 2.42 28.74 116 0.77
Cal 60% 32.73 ml/kg 2.25 2.61 30.99 0.77
Cal 75% 40.91 ml/kg 2.5 2.49 29.62 113 0.77
2.75 9 2.35 27.93 0.78
120 bpm 3 2.51 29.90 115 0.78
3.25 2.80 33.29 0.78
3.5 2.34 27.84 118 080
3.75 2.44 29.01 0.80
4 2.58 30.66 119 0.79
4.25 2.80 33.27 0.79
4.5 2.86 34.01 119 0.80
4.75 2.74 32.60 0.83
5 2.51 29.86 119 0 83
5.25 2.44 29.00 0.81
5.5 2.68 31.81 120 083
5.75 11 2.66 31.59 0.80
138 bpm 6 2.82 33.50 120 0.82
60%V02 6.25 11 2.78 33.09 120 0J3
6.5 2.80 33.27 121 0.84
6.75 2.83 33.63 0.85
7 2.87 34.12 122 0.83
7.25 2.65 31.49 0.86
7.5 2.79 33.18 124 0.84
7.75 2.87 34.07 0.85
8 2.84 33.75 121 0.85
8.25 2.86 34.00 0.86
8.5 2.68 31.90 123 0.86
8.75 13 2.44 29.05 0.87
160 bpm 9 3.37 40.13 120 0.84
9.25 2.95 35.08 0.85
9.5 2.51 29.81 130 0.90
i 9.75 3.18 37.79 0.87
f 10 3.67 1 43.65 132 I 0.87
10.25 3.69 1 43.94 0.89
10.5 3.08 1 36.63 131 0.88
10.75 3.13 ! 37.21 0.86
1 11 3.04 36.12 134 0.87
11.25 3.21 38.18 0.87
11.5 3.46 41.19 137 0.86
11.75 15 3.63 43.13 0.86
75%V02 i 176 bem 12 3J9 40.37 137 0.87
1 i 12.25 3.28 1 39.03 ‘ 0.88
12.5 3.86 45.88 144 0.89
12.75 3.62 43.11 0.87
13 3.54 42.14 144 0.90
13.25 3.79 45.10 0.88
13.5 16 3.98 47.38 149 0.90
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
131
Patien t In form ation 1 W orkload TIME(min) RPE V 0 2 (U V02(Kg) (Hr RER
ID 8 b lue ' 3  m p h / 0% 0 2 5 0 5 4 6.47 I 0  92
LM 0 5 0 76 9 0 8  ' 83 i0  86
i 0 7 5 0 85 10 09 10 81
D O B  101 0 5  1981 1 1 19 14 20 0  78
Weight 185 0 Lbs ! 1 2 5 1 15 13 73 0  75
H e ig tit 76  0 inches 1 1 5 1 30 1 5 4 5 6 ; ,0  75
Protoco l :TR 1 7 5 1 31 15 57 0 76
Date 101 11 2001 2 1 2 2 14 46 61 i0 7 7
Cal 60%  '3 2  73 m l/kg 2 2 5 :  25 14 89 0  79
Cal 75%  140 91 m l/kg 2 5 1 17 13 92 5 : 0 8 0
1275 7 1 3 2 15 68 0 8 1
7 0 / 0 %  !3 0 99 1 1 8 2 81 0  81
3 25 1 55 18 4 6 0 83
3 5 1 72 20 50 113 0 8 1
3 75 1 53 18 17 ,0  85
,4 1 9 0  12265 113 0  86
4 2 5 2 86 33 98 0 8 0
4 5 3 19 37 91 133 0  77
60%V02 14.75 11 2.91 34.58 133 0.83
5 2 99 35 58 0  85
5 2 5 3 15 37 43 10 85
5 5 3 39 4 0 3 5 138 0  85
5 75 11 3 2 1 38 22 1 0 90
,7 0 / 2 5 % 6 2  83 33 65 1091
6 2 5 3 51 41 73 0 8 9
6 5 3 33 39 56 1 :5 0  89
6 75 3 22 38 35 0  90
7 3 4 9 41 45 i s : 10 90
1 7 2 5 3 55 4 2 2 7 10 90
75%V02 7.5 14 3.37 40.05 154 10.90
' 7 75 3 03 36 01 0  92
8 3 27 38 86 I K 0  90
8 2 5 3.91 46  4 6 0 .9 0
8.5 342 4 0 7 1 159 0 9 1
8 7 5 346 4 1 1 5 0  93
9 14 395 4 6 9 8 160 0  9 2
1 9 2 5 3 9 2 4 6 5 6 0 9 3
i 9 5 3 5 2 4 1 9 0  ' 0 9 4
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1 Patient : Information! Workload TIMEtmm) : RPE V02(L) V02(Kgl , HR RER
ID ; ? blue i 150 kgm 0  25 0 11 191 1 48
HN I 1 ■ 0 5 : 0  30 4 9 2 86 , 10 7
i 0  75 1 0 2 6 4 29 1 1 0 2
D O B 09 14.19791 I ! 0 4 9  ■ 8 17 88 ! 1 0 2
Weigftt 132.0 Lbs i 1 2 5  1 ! 0  53 1 8 91 1 0 9 9
Height 64  0  inches! 1 5  I ' 0 4 9 8 1 8  ; 84 : 0 9 4
Protocol MaxCycle ! 1 7 5  i ' 0 6 3  : 10 43 , 0 9 0
Date 01 09  20011 2 1 1 0 6 3 10 44  , 90 ' 0 89
MaxV02 6.97 m l/kg 2.25 I i 0 6 1  1 i o n  1 ! 0 87
Cal 60% 4  18 m l/kg 2.5 ! I 0 6 9  . 1 1 4 2  ' 91 0 88
Cal 75% 2.73 m l/kg 2.75 I 8 1 0 68 : 1 1 35  1 0 87
450 kgm 3 1 1 0 81 ' 13 5 3  ! 91 ! 0  87
3.25 1 i 0 6 4  1 10 59 1 0 89
! 3.5 ! 1 0 8 1  ' 13 53 ! 100 0  89
! 3 75 , 0 8 9 14 80 , 0 89
1 4 i 0 93 15 55 : 109 0 89
4 25 i ' 10 9 18 2 4 0 9 0
1 4 5 ; 1 10 18 41 : 109 ! 0 89
4  75 108 18 05 0  89
5 I 1 28 21 26 112 0  89
5 25 ; 1 20 1 9 92  ' 0 9 0
1 5 5  1 1 28 21 37 112 0 9 1
5 75 12 1 36 22 6 1  ' ' 0 9 1
500  kgm o 1 29 21 44 111 , 0 91
6 25 1 23 20 49 I 0 92
6 5 144 24 06 119 0 93
6 75 1 58 26 32 0 93
7 : 1 38 23 02 127 0 94
7 25 ! i 1 51 25 17 0 9 6
7 5 1 54 25 69 130 0 95
7 75 . 168 28 0 3  1 : 0 9 6
8 i 1 14 9 24 84  : 128 ! 0 97
8 2 5  ' ’ 1 6 9 28 11 1 0 98
8 5 125 20 92 , 130 1 00
8 75 14 16 2 26 98 ; 1 0  99
900 kgm 9 i I 74 29 07 132 1 0 97
9  25 • 17 8 29 64  ; 0 97
9 5 ISO 25 02 141 0 97
9  75 : 2 19 36 55 0  98
60%V02 10 15 214 35.71 149 0.98
! 10 25 : 2 35 3 9 0 9  : 1 01
10 5 i 2 25 37 44  1 155 10 3
: 10 75 . 2 4 0 4 0 0 6  ; 1 0 5
i 11 241 40 08  ' 159 1 0 8
1 ' 11 2 5 i 2 4 3 40 54 1 1 0 7  1
I 1 11.5 1 2 5 4 42.39 162 1 10
1 11.75 17 2 5 3 42.11 1 12
12 17 255 4Z53 ' 166 L U
12 2 5 269 44  8 2 1.10
1 2 5 2.66 4 4 2 7 170 111
12 7 5 2 5 8 4 2 9 9 111
13 2 6 0 43 31 173 1 12
13 25 ! 2 7 7 r  46 15 111
1 13 5 1 3 01 ' 50 19 i 176 1 10
i 13 75 ■ 2 9 0 48 29 : 1 13
i 1 14 : 29 1 48 45 1 179 1 1.13
1 14 2 5 2 8 7 i 4 7 8 1  '1 I 1 1 5  1
1 1 4 5 299 4 9 8 6 1 181 1 1 12 1
1 1 14.75 19 2 9 1 4 8 4 6 1 1 1 1 6  1
1 ! 1200 kgm 1 15 3 1 6 5 2 5 9 1 184 ! 1.15 1
i : i 15.25 3 5 4 58 96 1 1 1 1 3  1
MaiV02 1 i 15.5 20 3.42 56.97 1 187 1.09 1
, 15 75 I : 2 80 46 71 : 1 2 4  1
1 1 1 16 1 1 3.24942 54.15704 i 190 1 i  1/
1 1 1 16.25 L _ 2 0 1 1 192 ! M 2
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Patient Information Workload !TIME(min). RPE V02(L) , V02(Kg) HR RER
ID 7 blue 3 mph /0%: 0.25 ! 0.26 ' 428 0.99
HN 0.5 1 0.37 . 6.18 94 0.96
0.75 ' 0.58 ! 9.66 . , 0.88
D.O.B. 09 14.19791 ; 1 0.81 : 13.47 ' 95 0.83
Weight 132.0 Lbs 1 1 1.25 0.66 1 11.01 080
Height 64.0 inches 1 ! 1.5 : 0.80 I 13.41 , 92 079
Protocol TR j 1.75 0.66 10.97 ! 0.79
Date 01 1120011 2 1 0.85 i 14.16 ' 95 1 0.79
Cal 60% 34.18 ml/kgl 2.25 1.05 17.44 i 0.79
Cal 75% 42.73 ml/KsI 2.5 1 0.71 11.87 1 95 0.80
; 1 2.75 7 i  0.81 13.45 i 1 0.85
6.0 /  0% 3 ' 0.49 8.18 ' 93 0.87
3.25 0.75 12.45 i ' 0.87
' 3.5 1.25 20.78 i 122 0.84
3.75 1.33 22.22 0.82
4 1.47 24.55 130 0.83
4.25 167 27.79 0.83
4.5 1.78 2960 135 0.81
4.75 192 31.99 0.83
5 2.16 35.94 138 0.84
5.25 1.62 26.96 0.86
5.5 1.89 3153 135 0.88
5.75 11 2.16 35.99 087
6.0 / 2.5% 6 1.64 27.30 139 0.89
625 1.79 2980 0.93
6.5 1.92 31.99 144 0.90
60%V02 6.75 12 2.10 35.08 146 0.90
7 2.14 35 69 148 0.90
7.25 2.12 35.39 1 0.91
7.5 2.59 43.16 149 0.90
7.75 2.13 35.43 149 0.93
8 1,89 3146 149 0.94
8.25 2.23 37.11 0.94
8.5 2.19 36.58 152 0.93
8.75 14 2,26 37 69 0.93
6.0 / 5.0%! 9 2.23 37.16 153 093
9.25 2.11 35.20 0.93
9.5 2.22 37.01 158 0.93
9.75 2.31 38.53 0.93
10 , 2.71 45.24 164 0.93
10.25 1 2.55 42.42 0.93
10.5 1 2.59 43.15 163 0.93
10.75 i 2.50 41.63 0.96
11 2.58 43.07 164 0.97
i 11.25 2.52 42.02 0.97
I 115 2.60 43.40 167 0.95
75%W02 11.75 17 255 42.45 166 0.97
i 6.0 /  7.5% 12 1 2.54 42.26 166 0.98
j  i 12.25 1 2.28 37.96 0.96
. . . .  1 i 12.5 1 2.77 46.14 170 0.97
! 12.75 1 2.62 43.72 0.97
t : 13 3.21 1 53.57 171 1.00
13.25 2.87 ; 47.85 0.98
13.5 273 i 45 47 174 0.96
i 13.75 1 18 i  2.81 1 46.85 . 0.98
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
134
Patient Information! Workload TIME(min) 1 RPE i V02(L) ! V02(Kg) HR (bpm) RER
ID 7 blue 100 bpm 0.25 Î ' 0.38 1 6.40 i 1 082
! 0.5 : 0.50 ' 8 39 : 100 086
1 1 0.75 ; : 0.75 12.49 085
D.O.B. 10914-19791 1 i i 0.78 1 12.92 ! 105 1 082
Weigtit 1 132.0 Lbs 1 1.25 1 101 1 1689 I : 0.82
Height 164.0 inches! 1.5 0.85 ! 14.14 ! 101 0.80
Protocol : DWR i 1.75 0.83 1 13.77 ; 0 80
Date 01 10 20011 2 1.25 20.85 98 0.81
Cal 60% 134.18 ml/kgl 2.25 0.82 13.71 0.80
C#l 75% 142.73 ml/kg 2.5 0.85 14.22 99 1 0.82
1 ■ 2.75 8 0.92 15.40 0.83
1 120 bpm 3 i 0.77 12.88 100 0.81
3.25 , 1.00 i 16.73 ' 0,79
3.5 1.06 17.63 106 0.79
[ 1 3.75 1.07 17.89 0 78
4 1 1.08 18.00 113 078
4.25 ! 1.28 21.29 0.79
4.5 1.30 21.72 117 0.80
4.75 124 2067 079
5 1.35 22.52 117 0.80
5.25 1.23 20.50 0 82
5.5 1 1.46 24.35 117 083
5.75 13 1.30 21.69 0 84
138 bpm 6 129 21.48 117 0.86
1 6.25 1.35 22.58 0.84
6.5 : 1.41 23.48 127 0.82
6.75 1.85 30.79 0.82
7 1.76 29.32 134 0.84
7.25 1.89 31.51 0.84
7.5 1 1.79 29.89 135 0.86
7.75 1 73 28.83 0.87
8 1.72 28.70 133 0.87
! 8.25 1.54 25.64 0.87
8.5 1.90 31.73 132 0.87
8.75 15 1.74 29.03 0.88
160 bpm 9 1.60 26.73 132 0.88
925 1.56 25.97 0.87
i 9.5 1 91 31.81 141 0.86
1 9.75 1.99 33.12 0.86
1 10 1 2.26 37.73 149 0.88
1 10.25 2.25 37.46 0.89
1 10.5 2.20 36.59 147 0.90
10.75 2.12 35.26 147 0.92
i 1 11 2.03 33.84 147 0.95
i 11.25 1 2.31 ' 38.49 0.94
1 ! 11.5 2.02 33.63 148 0.95
60%V02 1 11.75 17 2.06 34.26 148 0.96
! 176 bpm 12 ; 2.02 ! 33.60 147 0.95
i 12.25 i 1 2.16 35.92 0.91
I 12.5 1 2.47 41.11 156 0.89
! 12.75 1 2.47 i 41.21 0.92
' 13 ' ‘ 2.41 ! 40.11 i 156 0.94
75%V02 13.25 ! 18 2.58 42.95 : 158 0.96
13.5 2.72 45.27 161 ! 0.95
1 13.75 1 2.96 ' 49.26 ! 0.96
1 , : 14 1 18 1 2.65 1 44.19 1 161 0.97
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Patient ; Information Workload Time RPE i V02 V02 HR RER
i Min 1 L/min i ml/kg bpm
10 DP 5.5 mph /0% 0.25 1.83 22.89 1.02
1 0.5 2.17 27.14 121 0.90
0.75 ! 1 2.36 29.45 : 0.86
D.O.B. 10 28 1974 1 ! 1 3.14 39.29 1 133 0.91
Weight 176.0 Lbs I 1.25 : 1 2.80 35.02 0.97
Height 70.0 inches 1.5 , ! 2.33 29.12 1 136 0.95
Protocol MaxTR 1 1.75 i 2.92 36.54 1 0.92
Date 01/29/2001 ; 2 2.88 36.02 136 0.97
V02Max 70.68 ml/kg 1 2.25 _ 2.64 32.98 1 0.95
Cal 60% 37.52 ml/kg ____ ! 2-5 [ 1 2.52 31.44 1 136 0.95
Cal 75% 46.91 ml/kg 1 2.75 I 9 3.11 38.82 1 0.91
! 7 .5 /0%  i 3 2.77 ! 34.63 135 0.95
i 3.25 2.86 1 35.70 0.94
60%V02 3.5 9 3.06 38.21 149 0.96
375 333 41.63 0.95
4 3.23 40.39 153 0.95
4.25 3.26 40.70 0.92
45 362 45.27 156 0.97
4.75 3.48 43.49 157 0.97
5 3 65 45.59 15£ 0.96
5.25 3.52 44 05 0.98
75%V02 5.5 13 3.75 46.87 155 0.95
5.75 ' 13 3.52 43.98 0.95
7.5/2.5% 6 387 48.43 159 0.95
6.25 3.97 49.61 096
6.5 : 4,02 50.26 164 0.97
6.75 3.64 45.51 0.97
! 7 4.38 54.81 164 . 0.95
i 7.25 3.90 48.77 0.95
7.5 4.26 53.30 165 0.97
7.75 4.17 52.15 0.98
8 442 55.30 167 0.99
8.25 4.06 50.75 0.97
! 8.5 4.47 55.93 170 0.98
i 8.75 16 4.23 52.88 1.00
1 75 /5 .0% 9 4.19 52.37 17C 0.98
9.25 4.46 55.77 0.97
9.5 4.44 55.49 172 0.99
9.75 4.52 56.49 0.99
10 4.61 57.67 174 0.99
10.25 4.76 59.55 0.99
i 10.5 4.55 56.93 172 0.98
i 1 10.75 4.70 i 58.76 1 1.00
: 11 ! 4.68 ! 58.54 175 1.02
: i 11.25 4.90 61.22 1.00
1 1 11.5 1 4.77 59.57 175 1.02
1 _ 11.75 19 1 4.88 61.06 1.01
1 7.5 /  7.5% 12 1 5.47 68.33 175 0.99
1 12.25 5.65 70.68 i 1.01
' 12.5 4.92 I 61.53 i 177 1.00
12.75 4.71 : 58.85 1.04
MaiV02 i 13 20 5.00 : 62.54 i 179 1.04
1 1 13.25 1 20 4.84 1 60.49 1 180 1.05
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Patient Information i Workload i Time RPE ; V02 V02 HR RER
! Min : 1 L/m in m l/kg ■ bom
ID DP ! ISO kgm 0 25 ! 1 102 12 76 0 72
1 0 5  ! ! 0 9 0 11 31 76 0 75
; 0 75 i ; 0 78 ' 9 70 1 0 74
D O B 10 28 1974 1 1 1 i 102  ' 12 78 81 0  73
Weight 17 60  Lbs ! 1 2 5  i 0 9 2  i 1145 I 0 71
Height 70 b  inches 1 1 5  1 1 11 1 13 83 78 ! 0 72
Protocol Cyde 1 75 101 1 1262 0 75
Date 01 /31 /2001 2 091  ! 1141 78 0 78
Cal 60% 37 52 m l/kg 2.25 0 9 8  I 1228 1 0 79
Cal 75% 46.91 m l/kg 2 5 0 75 1 9 36 1 81 0 78
2 7 5 7 0 83 I 1043 1 0 79
600 3 106  { 13 23 1 82 0 75
3 25 0 8 7  1 1089 ! 0  76
1 3 5  1 1 33 1662 ' 0 77
1 1 3 75 1 1 29 16 08 : 0 80
t 4 1 52 1899 100 • 0 80
1 4 25 1 165 2063 1 0 81
1 4 5 1 40 1748 104 1 0 82
! 4  75 i 1 89 2361 0 82
5 1 49 1860 103 ! 0 87
5 25 1 76 2194 0 84
5 5 1 61 20 08 106 0 84
1 5 75 13 1 84 22 95 0 85
900 6 1 30 16 23 106 0 86
6 25 , 185 23 11 0 84
6 5 2 07 25 86 117 0 88
6 75 , 2 0 0 25 03 0 86
7 1 2 36 29 52 ■ 120 0 86
7 25 i 2 37 29 65 0 88
7 5  ! 2 34 29 31 121 0 90
7 75 : 2.02 25 31 0 86
8 1 26 5 33 13 122 0 85
8 2 5  : 24 8 30 99 0 88
8 5  I 2 74 34 22 122 0 9 0
8 75 15 2 45 30 65 0 9 1
1200 9 : 2 24 2799 120 0 9 0
9 25 ' 2 81 35 14 0 86
60% V 02 9.5 15 2.84 35.54 133 0.89
9 75 2 53 31 58 0 89
10 3 83 47 82 136 0 9 0
10 25 1 3 49 43 59 0 9 5
10 5 i 3 25 40 67 138 0 94
10 75 : 2 75 34 31 0 9 6
1 ! 11 ' 3 51 43 93 143 0 97
1 1 2 5  ! 3.17 39 56 0 9 6
11 5 3 1 3 3909 144 0 9 2
11.75 17 3 4 6 4 3 2 3 0.97
1500 12 2 9 3 36.62 145 0 9 6
12.25 3 5 6 4 4 4 4 0.95
12.5 3 4 6 43.22 145 0.97
12 75 3 55 44 32 0 97
13 3 7 9 47 38 1 152 0.97
1 13 25 3 67 4586 102
' 13 5 4 02 50 26 156 102
! 1 13 75 i 3 4 8 43 54 102
I •
1 1 14 3 9 8 49 78 158 101
1 4 2 5 4.01 50.18 1 0 2
1 4 5 3 8 5 4 8 1 8 161 1 0 2
7S% V 02 14.75 18 3.77 4 7 .U 162 1 0 2
1650 15 4 16 5196 164 101
1 i 15 25 1 1 3 9 7 49 57 10 2
15 5 4 1 8 52 28 165 1.04
1 15.75 ; 1 4 38 54 71 10 3
1 16 1 ! 4.20 52.54 167 1.05
1 16.25 1 19 1 3.95 4 9 4 2 I 1.04
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Patient Information W orkload , T im e RPE VG2 V02 HR RER
Min L /m in  m l/kg  bpm ,
ID DP 100 bpm  j 0  25 1 73 ; 21 63  0 84
1 0 5  1 6 5  ! 2 0 6 4  : 97 , 0 8 3
I 0  75 . 1 5 8  1 19 78 i i 0 9 3
D O B 1 0 2 8  1974 1 1 3 7  j 17 10 ! 101 , 0 96
Weight 176 0  Lbs 1 1 2 5  1 12 1 1 3 9 5  ' ; 0 9 3
Height 70 0  inches 1 5  2.11 26 32 104 ; 0 9 3
Protocol DWR 1 7 5  : 13 8 17 30 1 i 0  97
Date 0 2 /0 2 /2 0 0 1 2  1 i 1 6 5 20 64  ' 101 i 0  96
Cal 60% 37 52 m l/kg 2.25 1 I 1.79 22 39 I 0  94
Cal 75% 4 6 9 7  m l/kg 2.5 1 1 1.75 21.87 101 I 0  95
2 75  ; 7 ! 1.61 2 0 1 0 0 9 5
120 3 1 9 2 2 4 0 2 103 0 9 7
3.25 1 6 8 21 0 1 0  98
3 5 1 7 2 21 44 108 ! 0  94
3 75 2.03 25 41 ; i 0  91
1 4 2 0 9 26 11 114 ' 0 9 2
! 1 4.25 2.11 26 39 ' 0  95
1 ' 4 5 2 4 6  I 30 76 : 119 0 9 6
; 4  75 2 02 1 25 29 : 0 99
2.32 I 28 98 . 124 , 0 97
i 1 5 2 5 2 10 1 26 29 : 1 0 2
1 1 5 5 2.54 . 3 1  75 124 1 00
, 5 75 : i 2.42 ' 30 28 1 08
' 160 6 2.39 ; 29  90 125 1 08
' 6  25 2 18 1 27 26 1 07
6 5 2 4 0 30 06 125 1 04
, 6  75 2 28 2 8 4 9  1 05
1 1 I 7 2.58 32 29 132 , 1 03
1 ! 7 25 2 72 34.06 1 ' 1 0 0
i 1 : 7 5 2.69 3 3 6 6  1 137 , 0  99
1 1 7 75 ! 2.96 36 95 1 1 1 0 3
i 1 1 8 1 : 2.81 35 16 i 137 , 1 04
1 8 25 , 2 8 6 35.79 : i 1 03
: 1 8 5  2 6 3 3 2 8 4  I 136 i 1 0 3
1 ! 8 75 : : 4  2.91 i 36 40 : 1 1 0 0
1 176 9 1 1 28 1  ' 3 5 1 7  ! 136 : 1 0 3
; 9 2 6  ‘ 2 8 9  1 36,09 1 i 1 01
i 9 5 2 68 33 51 1 142 1 1 0 0
1 1 i 9  75 3 37 i 42  10 i ! 0 98
60%V02 1 1 10 IS 3.02 I 37.80 149 i 1.02
1 1 10 25 ■ 3 50 i 43  70 1 ' 1 01
1 ; 1 10 5 ' 3 34 ! 41 77 i 152 ' 1 0 0
' i ! 10 75 i ' 3 75 ' 46  82 ! i 1 0 2
11 i 3 4 7 43 42 155 1 0 3
11 25 ; 3 69 4 6 1 9 1.06
11.5 ' 3  59 44.82 151 1.05
11.75 17 3 5 8 44.75 1 0 4
200 12 35 1 43.87 151 1 0 2
12.25 3.77 47 08 1 0 3
1 2 5 3.63 45.35 158 1 0 3
12.75 3 8 9 4 8  64 1 0 3
13 3 8 0 47  47 160 1 1 0 3
1 3 2 5 4 1 1 5 1 3 3 ! 1 04
! 13 5 3 70 46  27 160 1 0 5
) ; 13.75 40 1 1 5 0 1 1  i 1 0 6
( 1 14 3 9 3 4 9 1 3 164 1.06
14.25 38 1 4 7  63 1 0 5
14.5 4.05 50  58 164 1 0 6
14.75 3 9 8 49.81 1.08
1 15 3 5 3 4 4  12 164 i 10 6
i 15.25 3 8 0 47 53 ' 1 0 6
1 : 1 5 5  4 12 51 SO 1 161 i 1 0 8
1 75%V02 ! i 15.75 ! 20 3.76 1 4&97 i 161 1.06
1 1 16 1 2C . 3.92 1 49 .04  1 160 i 1 0 5
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Patient Information! Workload ITIME(min) RPE :V02(L) V02(Kg) RER
ID '5Magen2 '3 mph/ 0%I0.S iO.79 13.31 1.13
MR 11 1 0.94 15 83 1.05
i 1.5 i 0.86 14.54 103
D.O.B. 11151976 2 0.93 15.71 1.00
Weight 130.0 Lbs , 12 5 9 0.99 16.69 0.99
Height 67.0 inchesi6.5 /  2.5% 13 I ,0.83 14.11 1 03
Protocol MaxTR 3.5 1.20 20.31 1.00
MaxV02 46.40 ml/kg 4 1.63 27.61 11.06
Cal 60% ; 27.84 ml/kg 4.5 i 12.00 3380 1097
Cal 75% 34 80 ml/kg 5 1 12.29 38.68 10.98
i 5.5 112 2.38 40.27 ,1.00
6 2.10 35.59 1.03
1 6.5 2.58 43.72 .1.00
J 7 1 2.45 ,41.49 11.02
1 7.5 ! 2.61 144.20 IlOO
8 2.62 44.39 Î1.02
8.5 16 2.65 44 81 102
9 2.69 45.45 11.03
i 9.5 2.70 45.62 1104
MaiV02 10 Il8 2.77 46.84 1.05
ilO.5 1 2.63 44.59 11.09
1 . I l l 2.74 46.40 ,1.09
1 11.5 2.72 45.95 110
12 20 12.63 ,44.43 11.11
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Patient 1 Information ; Workload Time RPE V02 V02 : HR RER
i Min ; L/min ml/kg 1 bpm
ID 1 5Magen2 3mph/ 0% 0.25 I 0.59 9.92 i 1.00
MR 0.5 1 0.71 12.03 116 ! 0.97
0.75 ! 0.80 13.57 j 0.94
D.O.B. 1 0 8 2 3  1977 1 0.98 16.57 1 118 i 0.93
Weight 130.0 Lbs 1.25 1.01 17.03 i 1 0.90
Height 67.0 inches 1.5 0.80 13.58 ! 123 i 0.95
Protocol Treadmill 1.75 0.90 15.26 i i 0.92
Date 02 /09 /2001 2 0.70 11.78 1 118 0.93
MaxV02 46.84 ml/kg 2.25 0.92 15.61 1 0.93
Cal 60% 28.10 ml/kg 2.5 0.96 16.18 116 0.90
Cal 75% 35.13 ml/kg 2.75 9 0.88 14.92 0.93
i 4 / 3 % 3 0.90 15.29 120 0.93
3.25 1.12 18.95 0.94
3.5 1.11 18.71 130 0.99
i 3.75 0.98 16.64 0.98
4 1.15 19.43 138 0.91
, : 4.25 1.21 20.49 0.86
4.5 1.60 27.14 147 0.85
4.75 1.42 23.95 0.89
5 1.56 26.44 150 0.87
! ........... Î 5.25 1.68 28.43 0.91
5.5 1.43 24.22 152 0.91
5.75 12 1.50 25.46 150 0.91
60% V 02 4 / 5 % 6 12 1.64 27.77 154 0.90
6.25 1.53 25.89 0.93
6.5 1.70 28.80 156 0.91
6.75 1.67 28.20 161 0.93
7 1.78 30.10 163 0.91
7.25 1.62 27.49 0.96
7.5 1.80 30.43 165 0.92
7.75 1.65 27.87 0.92
1 8 1.90 32.22 164 0.89
8.25 1.85 31.32 0.94
8.5 1.87 31.61 164 0.96
8.75 14 1 1.52 25.73 0.93
4 / 7 % 9 I 2.07 35.05 164 0.92
9.25 ' 1.81 30.55 0.96
9.5 . 1.77 30.01 168 0.95
9.75 2.01 33.95 ! 0.93
Disregard Meas. 10 2.34 ' 39.68 170 0.92
1 10.25 2.48 ! 42.02 0.94
1 10.5 2.13 36.05 173 0.98
10.75 1.92 32.56 0.97
11 1.93 32.72 173 0.94
75% V 02 11.25 1 IS  2.04 34.49 173 0.93
11.5 2.29 38.72 1 175 0.96
11.75 1 2.02 1 34.26 1 0.99
12 1 16 2.20 ! 37.26 i 176 0.95
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Patient Information Workload Ti me RPE V02 V02 HR RER
Min ‘ L/min ml/kg bpm
10 5Magen2 ' 100 bpm 0.25 i 0.75 12.62 1.00
MR ; 0.5 : 0.77 13.10 121 1.04
0.75 : 1.14 19.23 1.01
D.O.B. 08 23 1977 1 : 1.40 23.76 140 0.92
Weight 130.0 Lbs 60% V 02 1.25 12 1.51 25.56 152 0.88
Height 67.0 inches j 1.5 i 1.86 31.42 152 0.87
Protocol DWR 1 1.75 ; 1.95 32.97 0.93
Date 02/06/2001 ; 2 1.97 33.35 153 0.98
MaxV02 46.84 ml/kg I 2.25 1 1.93 32.63 0.98
Cal 60% 28.10 ml/kg! 2.5 ' 2.07 34.98 156 0.99
Cal 75% 35.13 ml/kg 2.75 13 1.92 32.49 1.02
120 bpm 3 I 1.78 30.18 156 1.01
3.25 ; 2.29 38.82 0.99
, 3.5 ; 2.17 36.72 156 1.07
3.75 i 2.07 35.04 156 1.04
75% V 02 4 16 2.05 34.67 156 1.02
4.25 ! 2.46 41.65 1.01
4.5 ! 2.53 42.86 156 1.06
1 4.75 16 ! 2.20 37.31 1.04
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Patient 1 Information Workload Time RPE V02 : V02 HR RER
1 ! Min 1 L/min ml/kg bpm
ID 5Magen2 150 kgm : 0.25 0.63 10.72 0.89
MR ; 1 0.5 ; 0.58 : 9.82 , 98 0.94
1 0.75 1 0.65 ! 10.98 : 0.92
D.O.B. 0 8 2 3  1977 ! 1 ! 0.63 1 10.71 1 95 ! 0.90
Weight 130.0 Lbs i 1.25 : 0.52 i 8.78 1 0.91
Height 67.0 inches 1.5 1 0.79 i 13.35 96 ' 0.88
Protocol Cycle 1.75 0.58 1 9.87 : 0.86
Date 02/07 /2001 2 0.67 1 11.31 ! 90 : 0.89
MaxV02 46.84 ml/kg 2.25 0.62 1 10.41 1 10.88
Cal 60% 28.10 ml/kg 2.5 0.66 1 11.25 ' 97 10.88
Cal 75% 35.13 ml/kg ! 2.75 9 ! 0.71 ! 12.01 0.88
450 kgm : 3 0.70 11.80 ! 94 0.86
; 3.25 0.72 i 12.26 1 0.89
3.5 0.89 1 15.11 113 0.92
3.75 0.89 ; 15.08 0.93
4 1.09 : 18.40 ! 119 0.90
4.25 1.15 , 19.52 0.91
4.5 1.12 18.89 125 0.91
4.75 1.35 22.83 0.94
5 1.12 ; 19.00 ! 125 0.95
5.25 1.19 20.13 1 0.97
5.5 1.18 19.96 1 127 ' 0.97
5.75 13 1.23 20.87 1 0.96
600 kgm 6 1.23 20.84 1 125 0.97
1 6.25 1.48 24.99 i 0.96
6.5 1.40 23.61 : 136 1.00
6.75 1.42 24.10 i 1.01
7 1.26 21.27 1 139 1.00
7.25 1.46 24.77 0.96
7.5 1.32 22.40 ! 139 0.96
7.75 1.72 29.07 1 0.96
8 1.53 25.84 145 1.01
8.25 1.51 25.50 145 1.02
. 60% V02 8.5 15 1.65 27.99 148 0.99
8.75 15 1.54 26.10 1.02
900 kgm 9 1.75 29.63 147 0.98
9.25 1.70 28.72 1.02
I 9.5 1.74 29.37 156 1.03
! 9.75 1 1 1.72 29.09 1.02
10 1.78 30.11 161 0.99
10.25 2.14 36.24 1.01
t ; 75% V 02 10.5 16 ! 2.10 35.50 167 1.02
Disregrad 1 Meas. 10.75 2.90 49.10 1.03
1 11 ! 1 2.27 38.50 170 1.05
! : 11.25 1 2.03 34.30 1.04
11.5 2.33 39.50 172 1.05
i 11.75 2.26 38.27 1.06
1 12 , 18 : 2.07 i 35.07 172 1.04
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Patient : Information . Workload i Tirr* RPE V02 V02 HR RER
1 1 M r ! L/min ml/kg I bom
ID 6 eurplt 150 kgm i 0 2:
SP ' ' 0£ 0 15 1 98 102 1 25
i 0 "  0 29 3 77 ' 3 79
DOB 1117 1979 1 1 053 7 04 96 0 75
Waifht 167 0 Lbs 125 10 53 701 1 0 73
H«fht 69 0 inch** 1 l i  I 071 941 1 103 073
Protocol MaiCycIt 1 ! l-'S  ! 069 912 1 0 74
Data 01/09/2001 2 I 0.66 867 1 101 0 74
MaW02 40 90 m l/k i 225 1 0.81 10 68 i 0 74
Cal 60% 24.54 ml/kg 25 ' 1 0.71 936 99 0 75
Cal 75% 30 77 ml/kg 2 9 11 0.78 10 26 0 75
450 kgm 3 0 86 1135 109 076
325 0,75 992 ■0 77
35 080 10 55 110 0 77
! I 3 ! 097 12 76 0 78
! 1 * 091 1200 114 0 79
i 1 425 1 0 96 1261 , 0 80
4 :  1 101 ' 13 36 : 11: 0 79
' 4-5  i 1 15 15 18 i 0 79
£ ; 1 25 16 42 119 0 791 5 25 1 i 1 18 ! 15 59 ' 0 78
5 : ; 125 ! 16 46 119 0 80
5 :  13 ! 129 ; 16 99 , 0 82
600 kgm :  1 139 1837 ' 119 083
625 1 20 15 83 0 84
5 :  1 17 15 43 125 0 86
6 :  127 1669 087
124 16 34 129 0 88
5 134 17 61 OS"
-£  , 141 18 59 134 0 85
5 i 1 70 22 41 ' 0 85
:  1 1 74 1 2293 I 135 0 86
525 I 163 21 48 0 87
:  :  i 1 71 ' 22 49 I 135 0 89
5 5 14 151 1984 , 091
900 kgm Î  150 19 76 138 093
60%W02 ! 925 14 1.77 23.32 i 142 033
95 . 164 . 21 59 ! 146 0 95
9 5 1 1 72 2262 1 093
' Ditrttard 10 ! 3.42 I 45.08 j 155 034
:: 25 2.36 31 06 ■ 0 93
: : 5  2 32 30 58 158 0 95
i : ' 5  2 15 28 30 0 96
243 3201 160 0 98
75%V02 11.3 16 1 2.34 30.88 141 039
: i5  . 2.13 28 08 162 1 00
1:75 16 2 36 31 11 102
1050 kgm 12 ' 2 31 30 43 164 1 01
1125 2 38 3131 102
i 1 12 5 1 84 : 24 29 167 1 03
I 12.751 2.41 1 31.69 104
13 2.51 33 05 169 1.00
1325 2.48 32.64 1.00
U 5 2.68 35.26 171 1.02
i 13 75 2.62 34 50 1.02
1 14 242 3182 172 105
14 25 2.59 1 34 09 1 107
I 14 5 2.71 1 35681 173 I 105
14 75 17 1 2.81 37 07 ! 104
, 1200 kgm 5 i 2.65 34 85 174 1 08
; i  25 2 64 34 72 i 107
! 1 15 5 . 2.82 , 37 21 177 108T ! 15 75 2.58 ' 3402 ' 1.08
i 1 16 2 89 ! 38 09 1 178 105
: 19 25 3.00 1 39.46 1 1.07
. 95 2 87 37 85 1 180 1 09
:= 75 2.81 36 98 1 12
293 38 62 182 1 11
! :  25 . 262 34 51 1 10
■axV02 ; 17.3 18 : 3.10 40.90 182 1.08
1 :*7 5  12.95 3893 ,109
1 1 18 ! 18 1 3 02 : 39.72 : 183 1 1.10
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Patient Information Wortdoad Time RPE V02(L) V02(ml/kg) HR RER
3 mph/ 0% 0.25 0.12 1.62 1.27
ID 6 purple 0 5 0.34 4.48 104 095
SR 0.75 0.68 8.93 0 88
1 0.81 1062 103 0.84
D.O.B. 11-17.1979 125 0.79 10.37 0 85
Weight 167.0 Lbs 1.5 1.06 14 105 0.83
Height 69.0 inches 1.75 1.08 14.36 0.83
Protocol TR 2 0.92 12.11 106 0.83
Date 01/10/2001 2.25 0.96 12.61 0.84
Cal 60% 24.54 ml/kg 2.5 1.23 16.15 105 0 86
Cal 75% 30.77 irt/kg 2.75 10 1.02 13.49 0.86
3 0.96 12.71 106 0.87
3.25 1.24 16.4 0.88
3.5 1.56 20.52 133 0.87
3.75 1.75 23.11 0.89
60%V02 4 1.83 24.16 146 0.92
4.25 2.43 32.08 09
75%V02 4.5 2.38 31.29 152 0.9
4.75 2.43 32.11 0.93
5 2.42 31.95 155 0.94
5.25 2.69 35.4 0 98
5.5 14 2.71 35.83 159 0.99
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Patient information Wondoad 1 Time RPE 1 V02 i V02 HR ; RER
: Min 1 1 L/m in 1 m l/kg bpm 1
ID 1 6 Durole : 100 bpm 0 25 I 1 0 46 1 6 05 1 0 72
SR 0 5  ! 0 52 ! 6  88 1 88 i 0 74
1 0 75 i 0 5 4 7 06 : 1 0 75
D O B  1 11 17 1979 ! 1 ! 0 6 6 8 71 i 90 1 0 74
Weight j 167 0  Lbs 125  1 0 8 4 1108 1 0 71
Height I 69 0 inches 1,5 j 0  76 10 02 91 1 0 6 8
Protocol 1 DWR 17 5  1 0 74 9 70 I 0 6 7
Date 101/11/2001 2 1 0 9 6 1268 91 i  0 6 6
Cal 60% 24 54 m l/kg 2 25 j 0  90 1191 0 6 6
Cal 75% 30 77 m l/kg 2.5 1 0 8 8 1160 93 1 0 6 6
1 2 7 5 9 1 2 0 15 78 10 67
1 120 bpm 3 106 1396 94 1 0 6 7
3 25 1 0 4 13 66 1 0 6 8
3 5  ' 1 0 5 13 89 97 1 0  70
3 75 ; 0 9 4 1240 Î0 7 1
4 10 3 13 57 101 , 0  72
4  25 , 1 14 15,03 1 ! 0 72
Î 1 4,5 i 106 1401 i 102 1 0 73
i 4 75 1 1 26 16 55 i i 0 72
1 5 ; 1 32 17 38 1 101 I 0 72
1 5 25 ■ 1 36 17 89 : 0 73
1 5 5  : 10 7  1 1407 1 105 0 73
5 75 1 12 1 40 1 18 39 ! 0 75
138 bpm 6 1 ; 15 0  I 1 9 7 1 1  105 0 76
6 25 1 1 1 27 1 16 74 0 75
6 5 1 1 1 26 1 16 56 : 108 0 78
6 75 ; I  51 ' 1984 i 0 79
7 1 i 1 17 : 15 36 ; 113 0 8 0
7 25 1 1 1 54 1 20 29 0 8 0
7 5  , 1 58 1 20 75 114 0 7 7
I 7 75 1 168 22 1 2 , 0 78
8 1 1 54 20 34 113 0 7 9
: 1 8 25 1 165 21.74 081
8 5 163  ! 2 1 4 2 113 0 8 2
1 8 7 5 14 1 56 1 20 55 , 0 8 3
' 160 bpm ! 9 1 6 6  ! 21.91 113 i 0 8 5
1 9 25 1 1 48 i 19 53 I 1 0 8 5
: 9 5 : 1 6 6  ! 2 1 8 3  1 117 0 8 6
1 9 75 1 57 ’ 20 74 i 0 8 6
. 10 i 1 56 ' 20 52 1 124 , 0 8 6
1 10 25 ; 191 2 5 1 0  ! 0 8 5
‘ 10 5 i 1 195 25 6 8  ; 124 0 8 5
1 10 75 1 17 4 22 95 1 0 8 6
i 11 184 24 24 ! 122 , 0 87
; 1125 i 18 4 2426 1 0 8 7
60%V02 1 11.5 IS 1.86 24.51 121 la a s
11,75 15 1.91 25.11 0 8 8
176 bpm 12 1 9 2 2 5 3 6 123 0 8 9
12.25 1.79 23.56 088
12.5 1.77 2 3 2 9 122 0.91
12.75 191 2 5 1 2 0 9 1
13 1 9 0 2 5 0 8 128 0 8 9
13 25 1 7 8 23 47 0 8 9
135 ! 1 9 7 2591 128 0 8 8
i  ! 13 75 1 ! 198 26 12 1 0 8 9
14 ! . 2 0 0  2 6 3 3  127 0 8 9
, 14 25 1 1 2 1 6  . 28 47 : 0 8 9
145 2 0 0 2 6 3 3 131 0 8 8
14.75 16 18 3 24 08 0.90
200 bpm 15 2 0 1 26 4 9 128 0 9 0
15 25 2.08 27 44 0 8 9
i 1 15,5 r  2.14 2 8 2 2 136 • 0 8 8
1 ' 15.75 2 3 9  '  3 1 4 9 091
1 16 i  : 2 1 6  28 44 1 140 0 92
75«V02 , 1 16.25 17 ; Z35 ! 31.00 , 143 0.93
1 1 16,5 i 2 68 35.25 I 143 1 0 92
1 1 1 6 7 5 17 1 2 7 0 3 5 6 3  I  I  0 9 5
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ra o a i la fijnM kn  1 W m k M  : TTME/mmt KPE ; V02(Lj V02(Ki> j HR t R£K
lb  ^ 10m #* 1 150 k m  1 025 1 024 3 11 1 1 1 16
DW OS 0 57 6 79 99 103
1 0 75 069 9 22 1 099
D O B 01-01.1977 i 1 0 90 1064 1 91 092
W « ^ lllO L fe i ! 125 i 094 1136 ! 096
Hm H 760mAm 1.5 ' 107 1271 96 : 015
k ta C w b 175 111 1431 * 012
Dm 01.09.2001 1-22 14 51 «  ! 0 92
M nV02 571?mWm 125 ! 1 15 1541 1 015
a i6 c % U lo M s 15 1 16 15 71 90 014
OITSS 4 2 U b M i 2.75 ! 6 1 05 1225 > 0 95
400 k m 1 1 105 1221 «  1 017
1 125 1 10 1509 1 099
1.3 IJ5 1405 113 j O il
1 1.75 155 1405 019
1 4 124 147: 115 091
4.25 141 1766 I 090
! 45 1 144 19.79 115 1 097
1 4,75 i 179 2115 I 015
5 169 2009 115 094
525 1 71 20.31 095
55 1 94 2217 119 0 96
5 75 I 9 1 194 2114 0 95
750 k m 6 199 25 64 119 0 96
625 200 2512 0 96
65 20) 24 12 121 0 97
6 75 117 2226 0 99
7 210 24 95 151 091
725 21? 25 79 0 99
75 214 25 41 130 0 90
775 205 24 12 091
1 215 25 60 129 0 9 :
125 201 25 95 091
15 225 26 10 129 091
175 10 211 25 06 092
1050 k m 9 199 25 6 5 13 0 92
925 215 25 61 093
95 220 26 21 140 095
975 246 29 21 094
DmwrndSpik* 10 5 76 6947 144 095
1025 560 4291 092
10 5 5 09 3665 141 0 9 :
10.75 295 5511 0 96
11 229 27 26 147 099
11 25 295 3504 0 9»
11 5 525 3170 149 095
11 75 i t 297 3526 0 97
1150 k m 12 500 35 65 144 091
3 10 3614 0 99
# i% V 02 119 11 194 59.N 19» • . f t
1275 5 67 43 59 099
1 u 3 55 39 97 155 096
7SH VOt US9 U JJ9 I 41D 197 • . f t
W ) 5 37 40 10 IS 100
! 1175 : 3 71 44 94 0 99
< u 401 4761 161 100
14.25 4 01 47 74 1 01
i 14 5 5.95 ' 4697 142 102
1475 14 415 5 o r 105
:500 k m 15 994 47.14 lO 1.04
IS.S 9J0 44.99 1.06
15.5 411 554# 147 1.04
1575 4.19 4991 1.06
1 15 4J4 5042 149 10#
Î [  16.25 411 51.17 10#
1 16.5 1 411 1 5721 170 10#
! 1 i».75 ; 414 ! 49 24 1.11
' 17 1 4 32 53 77 171 1 10
1 7 3 429 50 M 1 1 I t
17 S 444 55 13 1 172 109
1 ; 177) 17 I 457 54 57 i I 12
i i i 1» 441 i 5247 in 1 15
1 1 II .» 447 53 12 107
! 1 1 1 " 446 5531 179 M 5_
II .» 424 ' 5065 1 112
1 1 1 19 509 60.46 1 ITS 1.12
19.25 447 S3 13 1 1 15
19 5 i 511 60 79 179 I 14
: 1975 4 74 56 57 1 17
■ 20 t 4 74 54 64 ' I I I 1 14
i < %25 449 5340 i 124
i 1 205 449 55.09 i 121
U W 2 S L J_________ 1 nn _ H L _ 1 #7.97 —
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PmiMiM Iflfom H tioa W ofU oK l T IM E (m ia ) i RPE , V 0 2 (L ) 1 V 0 2 (K g ) ' H R  : RER
ID  1 lOgreca 100 bpm 0.25 ! 1 0.74 ' 8.83 1.20
D W  1 i 0.5 1 1 0.93 i 11.05 [ 101 : 1.01
. . . . . . . . . . . . . . . . . . . . . . . T  ■■■ 1 0.75 1 I I I  ! 13.21 ! 0.99
D O B 034)3-1977 . 1 .  ! ■ 1.35 i 16.00 1 99 ! 0,92
W eight 185.0 Lba 1.25 i 1.47 ! 17.47 I 0.85
H eight 76.0 mehea 1.5 1 1.92 ! 22.85 ! 103 0.83
Prolocol D W R 1.75 1 ; 1.69 ; 20.05 0.85
D ite 01-10-2001 2 i 1.41 1 16.75 , 96 0.87
C al 60% 34.3 m l t g 2.25 1.52 18.03 0.89
Cal 75% 42.88 m Mtg 2.5 i 1.35 16.01 100 0.87
2.75 1.62 19.31 0 8 "
120 bpm 3 I 44 17.16 101 0.87
3.25 1.79 21.25 0 .8 "
3.5 1.86 22.16 104 0 3 7
3.75 1.32 15.73 0.89
4 1.77 21.00 106 0.91
4.25 2.04 24.31 0.88
4.5 1.47 17.52 I I I 0.88
4.75 2.10 25.01 0.89
5 2.05 24.38 113 0.85
5.25 2.27 26.94 0.88
5.5 2.16 25.71 110 0.89
5.75 10 1.75 20.83 0.91
138 bpm 6 1.81 21.54 115 0.92
6.25 2.26 26.89 0.90
6.5 2.14 25.45 118 0.89
6.75 2.36 28.11 0.90
7 2.34 27.80 122 0.91
7.25 2.39 28.44 0.92
7.5 2.50 29.76 121 0.92
7.75 2.62 31.11 0.91
8 2.46 29.31 124 0.93
8.25 2.76 1 32.86 0.93
8.5 2.85 33.86 130 0.92
8.75 13 2.93 34.80 0.93
160 bpm 9 2.76 32.86 131 0.94
1 9.25 3.04 36.15 132 0.94
«% V 02  1 9J iJ 2J2 34.78 133 M l
1 9.75 ! 3.20 38.07 0.94
! 10 3 J8 40.24 135 054
10.25 3 40 40.48 0.97
! 10.5 3 J8 40.18 138 0 5 8
75%V02 1 10.75 14 3J5 42.23 140 05#
11 3.89 46.27 142 0.95
1 11.25 3.78 44.90 1.02
; I  11.5 3.84 45.67 143 1.02
1 I  11.75 3.90 46 3 6  1 1.02
1 12 I S 3.72 44.27 144 1.04
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Patient Information W orkload ^ T lM Efm in) i RPE V 0 2 (L ) V 02 .K g ) HR RER
ID 10 green 3 m ph/0% 0.25 1 , 0.72 861 1.10
D W  ! 0.5 i 0.95 1 11.28 102 0.91
1 0.75 1 ' 1.19 14.11 0.90
D.O.B. ■ 03-03-1977 1 ! 1.30 15.41 96 0.89
W eight ; 185.0 Lbs 1.25 1 1 1.31 15.56 0.87
Height 1 76.0 inches 1.5 1.18 14.09 93 0.87
Protocol I TR 1.75 1.36 16.16 1 0.88
Date 01-11-2001 2 1 i 1.15 : 13 66 91 0.87
Cal 60% ! 34.3 m l/kg 2.25 ! 1 1.06 12.64 ' 0.87
Cal 75% : 42.88 m l/kg 2.5 I ' 1.24 14.70 : 92 0.88
2.75 6 1.38 16.36 , 0.87
6.5 / 0% 3 1.25 14.84 • 92 0.85
3.25 1.31 15 53 0.87
3.5 1.85 22.02 125 0.86
• 3.75 1.81 21.53 0.87
4 2.14 25 48 134 0.90
4.25 2.30 2 40 08 7
4.5 2.88 34 20 141 0,87
4.75 2.35 2".99 0.88
5 2.99 35.54 140 0 89
5.25 ' i 2.71 32.25 0.88
5.5 2.82 33.50 142 0.90
5.75 9 2.82 :: << 0.90
6.5 .' 2.5% 6 2.65 31.56 141 0.89
40%  V 0 2 6.25 9 2.83 3.3.71 143 0.91
6.5 3.18 3 -8 0 146 0.87
6.75 2.95 35.11 0.94
7 2.70 32.09 148 0.94
7.25 3.16 3 5" 0.93
7.5 2.97 35.27 IS O 0.93
7.75 3.04 36.17 0.94
8 1 3.33 39.65 154 0.89
8.25 3.31 39.32 155 0.92
8.5 3.24 38.50 156 0.92
8.75 11 2.95 35.09 0.93
6.5 . 5.0% 9 3.58 42.57 156 0.94
9.25 3.30 39.23 0.94
9.5 3.37 40.13 158 0.93
9.75 1 3.28 38.95 0.95
10 2.99 35.61 159 0.95
10.25 3.78 44.98 0.93
10.5 3.77 44.89 163 0.94
10.75 3.66 43.50 1 0.97
11 3 j3 41.93 0.96
75% V 0 2 11.25 13 3.58 42JS 164 OJS
11.5 3.95 46.97 164 0.93
' 11.75 13 3.86 45.93 0.97
6.5 ' 7.5% ! 12 , 3.39 402- 164 0.98
! ! I 12.25 1 4.16 49.51 0.94
! ! 12.5 i 3.80 45.17 168 0.94
12.75 ! 3.65 43.37 0.97
i 13 3.85 45.83 171 0.99
1 13.25 4.07 48.37 0.98
13.5 4.24 50.46 171 0.98
, 13.75 15 3.92 46.66 0.97
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FttMBt • I n f i s i i a u Waklood j T IM B n u ) RPE V O iK i V 0 2 1  - HR RER
ID SnaoBO 150 k m 025 966 081 090
OW 05 13»; I 1: 93 0 87
0 75 l i w 106 C M
D O B  109-2M977 I I 14 36 121 95 0 91
W tidu 113 OUb 1 25 1099 0 9 : 096
TSOb A b  ' ! 15 1 1091 092 94 100
Protocol M u C w lt 1 175 I 115C 097 102
M n V O : W K m lU 2 1 917 077 95 I 01
Cd<OS 2 9 S 4 n M i 125 1 9 91 0 83 099
Cj175S 36 92 m l kc 15 1 1418 1 19 96 096
175 6 1048 0 88 092
4 5 0 k m 3 ! 955 080 89 094
3 25 ! 6 3 0 53 096
1 35 lO S 0 87 093
1 3 75 1 ! 8 46 0 71 0 88
4 ! 120: 101 106 0 82
425 1 1651 1 39 079
45 ! 14 59 123 107 0 74
4 75 23 35 196 077
5 211C 1 77 108 076
525 ! 160? 135 0 8 :
55 . 1699 143 10# 086
5 75 8 1464 123 0 83
730 kan 6 16 34 I 37 110 0 83
625 185: 156 083
65 24 22 204 113 080
6 75 ) 1944 1 64 080
7 206* 1 74 11Î 0 83
725 24 19 2 03 0 83
75 28 79 2 4 : 124 084
7 75 2339 1 97 086
S 28 79 2 42 125 0 88
#25 256; 216 090
35 26 6* 2 :4 124 0 91
1 75 12 24 »: 209 0 9 :
1030 lean 9 279! 2 35 126 091
925 24 '» 2 02 0 9 :
éO H V o: 9.5 12 m #2 2 M 1)9 #.«4
9 75 316» 2 66 090
10 33 4» 282 131 094
10 25 39 5: 3 32 094
10.5 36 25 305 148 094
10 75 329- 177 096
U 325? 274 148 0 98
1125 34 ?r 2 9 : 098
I I  5 33 75 284 145 096
n  75 14 *24: 273 0 98
IXW kBn 12 34 94 2 M 14)
1125 3144 264 IOC-
115 35 96 3 0 : ISC 096
1175 3138 264 096
U *5 3: 297 154 099
1325 34 38 289 096
73% V O l IJ.5 16 J t. i4 ).17 161 0.9B
13 75 34 2: 288 096
14 39 26 330 163 09#
1 14.25 4225 3.55 1 0.97
14.5 M4) 290 m 100
14.75 17 40)9 340 099
1)50 kan 15 4081 344 I t t 101
15 25 ) I5 5 324 I 102
155 4308 3 62  ^ 169 101
1575 ; 4328 364 1 09
16 -------- ■‘ ■ 37s 3 14 173 109
16 25 . 40 72 3 42 1 04
16 5 421» J 55 I?# 1 03
16 75 44 4 : 3 74 1.05
17 4532 3 81 : I » 1.06
! i 17.25 : 41J8 348 109
! 1 17.5 ! 4066 3 42 : 180 1.Û5
! 1 1775 19 46.91 394 r 1.01
ISOOkffn 11 1 4)85 3 69 183 107
18 25 43» : 369 1 04
185 4645 3 91 186 106
18 75 4451 3 76 105
19 46 79 3 93 18» I 07
1 M l lV O l 19.25 19 4912) 4.14 M l 107
! 195 19 40)4 3 )9 ■ 119 107
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Patient Information Workload TIME(mm) RPE V02(L) V02(Kg) HR RER
ID 5 magenta 100 bpm 0.25 1.32 15.74 1.03
G W 0.5 1.00 11.94 101 1.14
0.75 0.70 8.29 1.03
D.O.B. 09-21-1977 I 1.72 20.50 lo t 0.79
Weight 185.0 Lbs 1.25 2.02 24.05 0.79
Height 75.0 inches 1.5 1.63 19.36 104 0.87
Protocol DWR 1.75 1.39 16.54 0.89
Cal 60% 29.54 ml/kg 2 1.55 18.44 100 0.88
Cal 75% 36.92 ml/kg 2.25 1.34 15.99 0.88
2.5 1.98 23.49 99 0.85
2.75 7 1.42 16.86 0.87
120 bpm 3 1.29 15.31 95 0.88
3.25 1.72 20.50 0.83
3.5 1.60 19.02 100 0.85
3.75 1.61 19.1* 0.91
4 1.60 19.06 106 0.92
4:5 1.71 20 36 0.88
4.5 1.63 19.35 109 0.87
4.75 1.91 22.74 0.83
5 2.42 28.82 I I I 0.84
5.25 2.00 23.84 0.90
5.5 1.90 22.65 113 0.89
5.75 11 1.83 21.74 0.86
138 6 2.62 31.16 114 0.87
6.25 1.92 22.79 0.89
6.5 2.34 27.88 116 0.87
6.75 2.05 24.38 0.89
7 2.37 28.15 120 0.89
7.25 2.38 28.28 0.89
7.5 2.31 27.49 124 0.87
7.75 2.76 32.8* 0.90
60% V02 8 15 2.62 31.15 124 0.93
8.25 2.74 32i8 0.93
1 8.5 2.79 33.18 i 126 0.96
i 8.75 15 i 2.67 31.71 0.96
160 9 2.59 30.78 ' 130 0.96
9.25 2.92 34.72 0.94
9.5 2.87 34.12 I 136 0.94
75% V02 9.75 16 3.18 3743 136 0.94
10 4.06 48.23 0.98
10.25 3.73 44.30 0.97
10.5 3.91 46.50 148 0.99
10.75 3.61 42.98 101
II 17 3.57 42.46 150 101
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Pitient litfo tttta lio it ! Workload ' TIMEimm) ■ RPE V 0 2 (L I V 02 (K g ) HR RER
JZ 1 3 mph' 0% ; 0.25 0.71 1342 ;88
ID 3ted 0.5 081 15.39 94 V91
: ' ■ I 0.75 0.74 : 14.03 )91
D.O.B. 1 09.21.1980 i 1 0.79 ! 15.05 90 3 90
Weight 116.0 Lbs I 1 1.25 0.75 1 14.30 : 3 87
Height 66.0 inches 1 ! ■ 1.5 0.88 , 16.72 95 3.85
Prolocol MaxTR ' 1 ! 1.75 0.83 ! 15.69 3.84
V O IM ex : 59.21 1 1 '  ' 1 0.80 1 15.21 : 91 0.83
Cal 60% 1 35.53 t 1 2.25 1 0.85 1 16.10 ! 0.83
Cal 75% i 44.41 t1 ( 2.5 : i 0.82 j 15.53 1 93 0.831 i 2.75 i 6 1 0.76 1 14.50 : 0.84
1 1 i 7 .7 /0 %  ! 3 ! I 0.73 ! 13.79 1 110 0.84
! 3.25 ■ 1.32 25.12 1 0 84
Î ■ 3.5 1 1.46 27.78 157 0.83
3.75 1.65 31.24 3 92
1 1 60%VO2 1 4 7 2.05 38.93 146 3.90
: ; 4 25 2.27 43.03 1.87
' ! 1 4,5 2.20 41.77 146 3 86
4.75 2.41 45.68 388
i ! 5 2.39 45.36 160 0.87
5.25 2.39 45.34 3.89
5.5 2.36 44.83 169 0 88
i 5.75 10 2.08 39.53 0.86
75% V 0 2 7.7 / 23% 6 10 2J.3 44.10 163 3 88
6.25 2.62 49 69 3 89
1 6.5 2.56 48.47 , 170 0.86
6.75 2.47 46.87 0.91
1 7 1 2.78 5171 177 0.87
1 7.25 1 2.79 53.00 0.93
1 7.5 2.81 53.23 176 0.92
7.75 2.91 55.12 0.94
1 S 2.48 47.03 177 0.97
1 8.25 ' 2.94 55.77 0.95
; 8.5 2.78 5176 180 0.92
1 8.75 12 2.99 56.77 0.96
7.7 '5.0% 9 2.55 48.37 180 0.96
9.25 2.78 5171 0.95
1 9.5 2.92 55.29 183 0.94
i 9.75 1 2.93 55.50 0.95
10 3.05 57.86 184 0.97
10.25 3.01 57.06 0.97
1 10.5 3.00 56.81 187 1.00
1 10.75 2.95 55.90 0.97
11 185 54.07 188 1.01
11.25 2.92 55.38 1 0.99
11.5 3.15 59.82 188 0.98
i 11.75 14 2.90 55.08 1.00
7.7 /7 .5% 12 199 56.70 189 0.99
> : 1 1125 2.91 55.15 1.00
' 12.5 3.15 59.76 191 1.00
12.75 2.90 54.94 1.00
13 3.10 58.85 193 1.01
1 1 13.25 3.09 58.55 1.03
1 13.5 3.07 58.31 194 1.03
' 13.75 3.01 57.02 1.03
! 14 3.11 59.03 195 1.05
M axV 02 1 i 14.25 IS 3.12 59.21 195 1.03
! ! 1 14.5 1 3.02 57.33 1.06
i 14.75 15 2J3 48.02 1.06
1 1 15 i 17 0 51.24 1.06
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Patient Inlbrmnlion 1 Workload TIMEfinin) RPE : V02(Kg) V02(L) HR RER
ED 3red 1 150 kgm 0.25 1.92 0.10 1.08
JZ i 0.5 i 5.14 : 0.27 99 0.95
i 0.75 , 1 8.46 0.45 0.86
D.O.B. 09-21-1980 1 1 8.98 1 0.47 ! 100 i 0.83
Weight 116.0 Lbs 1.25 j 10.84 ; 0.57 ; 0.83
Height 66.0 inches 1.5 I ! 14.14 ; 0.75 105 ; 0.82
Protocol Cycle 1.75 1 11.74 0.62 : 0.81
Cal60% 35.53 mlkg i 1 : 13.48 0.71 95 0.80
Cal 75% 44.41 mlkg 1 2.25 12.84 0.68 0.81
2.5 1399 ' 0.74 101 0.81
1 2.75 6 14.37 0.76 0.82
450 kgm 3 14.17 0.75 100 0.82
3.25 14.38 0.76 0.83
35 17.33 0.91 119 0.83
3.75 19.54 1.03 0.84
4 18.99 1.00 131 086
425 25.10 1.32 0.86
45 29.55 1.56 139 0.85
4.75 28.19 1.49 0.89
5 27.59 1.45 140 0.92
5 25 25.79 1.36 ' 0.95
55 30.60 1.61 143 0.95
5.75 II 25.47 1.34 0.94
600 kgm 6 27.85 1.47 143 0.96
625 28.89 1.52 0.93
6.5 29.98 1.58 150 0.94
6.75 34.70 1.83 0.95
• 31.19 1.64 154 0.94
7.25 32.47 1.71 0.94
7.5 34.17 1.80 156 0.94
7.75 34.93 1.84 0.95
60V.VO2 t 12 35J6 1.89 154 0.96
8.25 36.02 1.90 0.97
1 8.5 36.57 1.93 160 0.96
8.75 12 35.12 1.85 ! 0.97
750 kgm 9 34.00 1.79 159 0.97
9.25 41.26 2.18 1 0.95
9.5 35.29 1.86 161 0.96
1 j 9.75 : 41.90 2.21 0.96
10 46.32 2.44 166 0.96
10.25 40.37 2.13 0.96
75%V02 lOJ 14 45.24 2J9 169 0.97
! 1 10.75 I 41.77 2.20 1 0.98
1 11 I 43.14 2.27 170 0.99
1 1 11.25 14 43.86 2.31 0.98
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P tln t W d fk M nWEimmt ' RPE V O l l i V02(X#i : HR R£R
ID )n d lOObBD : 025 0» ' 16 11 016
JZ 05 I '^ l 17)1 93 015
0 73 0 1) i t 015
DO B 09-2M4I0 I 1 0 83 15 72 9o OM
W tiM l U60LW 1 125 O il 15 33 013
I M i 6 6 0 m * # 1 15 t 0-95 17 93 • 92 O il
ProkKot DWR 175 1 1 o n  ! 14 53 : 015
Cm* 60% )S S )B l* f 2 ^ ' 091 17 26 1 93 OM
C»|7SS 44 4 la M c 223 ! O i l 16 61 ' OM
15 ' ' 090 1 1700 93 OU
i 175 6 065 17 97 i 012120 1 i i o .n  1 13 51 : 92 ' 016
i iZ i 1 I os 19 93 1 012
092 17 44 1 91 ! 016
1 1.75 1 OM 1597 ' 019
1 4 1 017 1655 96 1 017
4.23 1.06 2019 1 016
4.5 1 0.76 14 47 93 019
4 75 1 101 1921 013
103 1944 93 OM
525 064 1716 015
35 091 1161 96 016
3 75 ' 7 093 J7 7I 016
160 6 1 00 11:1 94 OM6 25 1 01 20 50 OM
63 099 ; s n 97 0176 75 1 09 20 75 O il
7 0 96 I l l s 97 019
725 113 3  35 OM
7 5 I 17 21:3 OM
7 75 3  12 016
• 131 26 3 KM 017
125 : : p 2176 0 91
15 : I t 2100 101 0 908 75 9 i I t 391 090
176 1 10 20 8: KM 0 92
92S IJ9 26 31 O il
95 130 24 57 105 091
9 75 1 16 2193 09 :
to I 40 26 55 105 o i l
10,25 1 44 27 27 n 0 90
105 140 26 51 113 092
10 75 139 26 n 1 0 931 131 2410 113 093
11 25 139 26 36 093
11 5 f 691 13231 110 094
11 75 11 I 5) 3  01 093200 1: 142 26 99 no 095
1125 1 58 30 01 093
125 143 2757 109 094
1175 1 64 31 17 09 :
13 1 145 27 5: 111 096
13 25 1 166 3141 093
13 5 1 155 3  37 116 096
13 75 1 161 3061 0 97
14 149 2119 12: 0 96
. 1425 132 2119 094
14.5 137 3 1 3 121 097
14.75 12 1.7) 3110 0.94
216 IS 1.72 )ZSI 111 0.94
1525 i n M SI 0.97
135 174 )).oe 131 09#
15.75 1.92 )6.S0 091
16 172 3165 133 too
: f 16 25 171 3149 0.97
! i 16.5 i n 3)41 140 0.99' ; MSVOI 1179 IS U 6 t J&IS 137 #.99
17 170 3 1 3 131 097
1725 I 75 33 16 0 96
17 5 105 , 3179 137 102
1775 15 161 • 36 3 100
' ■ * # • 11 > 41.17 131 1.00
11.25 1 n o 1 39.90 100
! 1 nreerin 11.5 1 121 1 41.96 150 1,00
1 1175 i 132 ' 44 02 101
Î 19 124 4144 154 102
■ 1925 ” 4103 1.02
19 5 112 : 40 3 154 102
19 75 125 4163 1 01
! i 20 i 2 2 i 4151 155 103
I 7SHVCB SU9 It I I 4 i n 164 1 IJ#
1 1 I M.5 11 ! 141 1 4712 1 102
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Runners
KB- V02 vs HR
200
180
160
140
Î 120
1 100
1 80
60
40
20
0
0
O O®
^1_TR 
A DWR 
0  Cycle
00 20.00 40.00 60.00
V02 (ml/kg/min)
80.00
JZ- V02 vs HR
200
180
160
140
120
100
80
60
40
20
0
« TR 
□ Cycle
- A - DWR
0.00 20.00 40.00 60.00 80.00 100.00 
V02 (ml/kg/min)
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Runners
MG- V02 vs HR
155
200
180
160
140
E 120
k 100
oc 80
X 60
40
20
0
0
0  o
.00 20.00 40.00
V02 (mkl/kg/min)
oTR  
0 Cycle 
A DWR
60.00
I
£
RH-V02 vs HR
O TR 
□  Cycle 
A - DWR
0.00 20.00 40.00 60.00
V02 (ml/kg/min)
80.00
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Runners
JPB- V02 vs HR
I
tc
z
# Max TR 
XDWR 
O Cycle
10 20 30 40 50 60 70
V02 (ml/kg/min)
MK- V02 vs HR
200
180
160
140
120
100
80
60
40
20
0
O Max TR 
□ DWR
X Cycle
0.00 20.00 40.00 60.00
V02 (ml/kg/min)
80.00
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Runners
I
&
K
Z
DP- V02 vs HR
200
175
150
125
100
75
50
25
0
gCPooo^cPoOO
■oamP°----------
gwoogpo 
^oooQaoooo— X MaxTR
aC/:le
oDWR
1.00 20.00 40.00 60.00 80.00
V02 (ml/kg/min)
MR- V02 vs HR
200
180
160
140
E 120a
A 100
z 80z
60
40
20
0
X DWR 
-e-Cycle 
O TR
1.00 10.00 20.00 30.00 40.00 50.00 60.00
V02 (ml/kg/min)
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Swimmers
SR-V02vsHR
200 
180 
160 
140 
120 
100 
80 
60 
40 
20 
0
# MaxCycle
d DWR
x TR
0.00 10.00 20.00 30.00 40.00
V02 (ml/kg/min)
50.00
LM- V02 vs HR
200
180
160
140
? 120
I100
i 80
60
40
20
0
AA^- OHR
qTR
A DWR
0.00 10.00 20.00 30.00 40.00
V02 (ml/kg/min)
50.00 60.00
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Swimmers
HN-V02 vs HR
200 . 
180
160
140
f  120 
1  100 
X 80
0.00 20.00 80.0040.00 60.00
^  Cycle 
□TR 
A DWR
V02 (ml/kg/min)
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Swimmers
DW-V02VSHR
X Max Cycle 
□ DWR 
aTR
10 20 30 40 50 60
V02 (ml/kg/min)
70
GW- V02 vs HR
200
180
160
140
120
100
80
60
40
20
0
&
S o t
A t
O Max Cycle 
q TR 
A DWR
0 10 20 30 40 50 60
V02 (ml/kg/min)
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SUBJECTS MEASUREMENTS STATISTICS
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The Alpha value was set at .05 for all independent t-tests.
MaxV02:
No significant difference (t=1.28, p =.228).
Mean MaxV02 (ml/kg/min): Runners (56.62), Swimmers (51.76)
Body weight:
Significant difference (t=-2.34, p = .039).
Mean body weight (kg): Runners (62.0), Swimmers (77.6)
Percent Body Fat:
No significant difference (t=-0.377, p = .713)
Mean percent body fat: Runners (13.84), Swimmers (14.96)
Height:
No significant difference (t=-1.587, p = .141)
Mean height (cm): Runners (171.5), Swimmers (182.6)
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